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PREFACE TO THE FIRST ENGLISH 
EDITION 


A COMPARISON between the present work, the latest edition of the 
German original, and the last American translation, will show that 
while the German text-book has been faithfully followed, modifications 
have been introduced which will be regarded, it is hoped, in the light 
of solid improvement. Certain statements have been corrected or 
modified, changes which have usually been indicated, and a great 
nmnJbcr of minor alterations hawe been made in the marshalling4«of 
facts ind the setting out ,of formulae with the object of a more^logical 
sequence and a clearer emphasis of the point under discussion. 

References to German literature have been retained with the 
object of pre^rving to the student the adva/tages of the origin of the 
book; the English references will be otherwise readily obtainable 
by him. 

I take great pleasure in expressing my gratitude to Mr. W. P. 
SkeVtchly, F.I.C., not only for assistance in the more mechanical part 
ttf the translation, but also for the careful way in which he has read 
through the proofs. 

Furtterrnore, to Mr. A. J. Green^ay, Sub-Editor of the Journal 
of the Chemi(jjfil Society, I offer my most cordial thanks for his valued 
advice on certain doubtful points of nomenclature. 

PERCY E. SpiELMANN. 

London, I9I3, 


N.B. — The thiblishers beg to ^exp\girbL*that a year's delay has 
•occurred in the production of this volume^ (announced for the autumn 
owing to Dr. Spielmann's employment on important ^ork 
connSbted with explosives for ^e Government. 

K. P. T. T. & Co., Ltd. 



PREFACE TO THE SECOND ENQLISH 
EDITION 


Notwithstanding the depletion of students from the many Techrical 
Institutions as a result of the late«war, a second edition of the first 
’ vcJjjme of this text-book has been caUed for — a gratifying recognition 
of its c^ntilTfled and increasing usefulness. 

As inevitable to the first production of a book of this character, 
with its innumerable formulae and figures, a certain numj^cr of mis- 
prints had crept in, and % careful search for these has bc^ made. 

The need of such recftfications must not deter me from paying a 
tribute /.o the printers, Messrs. Clowes and Sons, for the care and success 
with which they have carried through so complicated a piece of type 
setting ; while to the Publishers is due acknowledgment for njfich 
that was of assistance in my share of the work of production. 

It is b^ieved that, in its revised form, this volume will be found to* 
meet all the requirements of tbs daily expanding class of Acmical 
students, on whose services will depend so important a#share in the 
scientific foundation of the firm establishment and success of British 
Industry. 

PERCY E. SPIELltfANN. 


London, 1919. 



PREFACE TO tHE THIRD AMERICAN 
EpiTIOI? 

In presenting this translation of ^the eighth German edition of 
V. Richter's Organic Chemistry ” the writer has 1ft tie to add to what 
has previously been expressrd in the prefaces to the preceding American 
editions of this most successful book. The student of the present 
edition will, Jiowever, very quickly discover that the subject-matter, 
so ably edite*d*by Professor Anschutz, is vastly different from that 
given in the earlier editions. Indeed, the book has sustained very 
radical changes in many particulars, and certainly to its decided 
advantage. The marvellous advaripes in the various lines of synthetic 
organic chemistry have made many of the changes in the text abso-« 
lutefy .necessary, and for practical reasons it has seemed hs^st to 
this new edition in two vdlumcs. * 

* Eminent authorities, such as Profs, v. Baeyer, E. Fischer, Waitz, 
Claisen, aiicl*others,*havc given the editor t>e benefit of their super- 
vision of chapters relating to special fields iof investigation in which 
they are the recognized authorities. 

The translator here acknowledges his great indebtedness ‘to his 
publishers, P. Blakiston's Son & Co., for their constant aid in liis work, 
as well as to* Messrs. Win. F. Fell & Co., for the care they have taken 
and the skill they have displayed in the compbsition of what will 
generally be admitted to be a difficult piectf of typography. 

E. F. SMITH. 


PREFACE TO THE SECOlSTD AMERICAN 

EDITION 

*The present American edition of v. Richler's “ Organic Chemistry " 
be jound to differ vcf’y considerably in its arrangement and Size, 
from the first edition. The introduction contains new and valuable 
additions upon analysis, the determination of molecular weights, 
recent theories on .chemical structure, electric conductivity, etc. 
The section devoted to the carbohydrate/ has been entirely rewritten, 
and presents the most recent views ift regard to the constitution of 
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A TIaXT-BOOK 

OF 

ORGANIC CHEMISTRY 


INTKODUC TJOM 

Whilst inorganic chemistry was developed primarily through the 
investigation of minerals, and ^vas in consequence termed mmeral* 
cjiemisiry, it may be said tliat the development of chemistry 

w;ls due to tlie study of products resulting from the alteration of plant 
and animal substances. About the close of the eighteenth century 
Lavoisier damonslraPed that, when the organic substances present in 
vegetable and animal organisms were burned, carbon di6xide and 
water were always formed. It was this chemist also who showed that 
the cdtnponent elements of these bodies, so different in properties, 
were generally carbon, hydrogen, oxygen, and, especially in animal 
sul>i^tiinces, nitingen. Lavoisier further gave utterance to the opinion 
that *ixxuliarly constituted atomic groups, or radicals, were to be 
accepted as present in organic substances ; wliikt the mineral sub- 
stances were regarded by him as tlic dire 4 :t combinations single 
elements. 

As it seeiped iijipossible, for a long time, to prepare organic bodies 
S5nithetically from the elements, the opinion prevailed that there 
existed an essential ditforence between organic and inorganic sub- 
stances, wjfiich led to the, use of the names Organic^ Chemistry and* 
Inorganic Chemistry, Tlie prevalent opiiyon \\ias,^that the cliemicah 
elements in the living bodies were subject tobther laws than those in 
the so-called inanimate nature, and that the organic substances vvere 
formed in the organism only by the inteip/ention of a peculiar vital 
force, and that they could not possibfy l 7 e prepared in an artificial 
way. 

One^fact sufficed to iJtove these rat 5 i«r restricted views to be un- 
founded. Tile first organic substance artificially prepared was urea 
(Wohler, 1828).# By this synthesis chiefly, to wliich others were soon 
added, the idea of a peculiar force necessary to the formation of organic 
compounds was cofltradicted. All furl^ier attempts to sepiurate 
organic substances froni the inorgani^the chemistry of the simple 
and the chemistry of the compound r^icals, p. 18) were futile. At 
present we know that these do nqf, differ essentially from each other ; 

VOL. J, B 



2 ORGANIC CHEMISTRY 

that, the peculiarities of organic compounds are dependent solely on 
the nature of their essential constituent, Carbon ; and that many sub- 
stances belonging to plants and animals can be prepared artificially 
from the elements. Organic Chemistm^ is, therefore, the chemistry of 
the carbon compounds. Its separation from the chemistry^of tliQ other 
elements is necessitated only by practical considerations, on account 
of the very great number ftf carbon compounds (about 120,000 : see 
M. M. Richter's Lexikon der Kohloifistoffverbindungen), which far* 
exceeds those •f all other elements put together. No other possesses 
in the same dcgrt^‘ the ability ®f the carbon atoms to unite with one 
ajiother Ife form open and closed rings or ciiains. The numerous 
existing carbon nuclei in which atoms Or atomic groups of other 
elements have enteVed in* the formation of organic derivatives have 
arisen in this manner. * 

The impetus given to the study of the compounds o*f fcarbon has not 
only brought new industries into existence, but it has caused the rapid 
development of others of like importance to the growth and welfare 
of .the nation.* 

The advances of organic chemistry are equally important to the 
investigation of tlie chemical ])rncesses in vegetable and animal 
(Jr^anismst a section of the subject known as Physiological Chejnistry. 


DETERMINATION \OF THE COMPOSITION Ot CARBON 

COMPOUNDS 

ELEMEJSrXARY ORGANIC ANALYSIS 

Most carbon compounds occurring in the animal and vegjj table 
kingdoms consist of^carbon, hydrogen, and oxygen, as was^demonstrated 
by Lavoisier, the founder of organic elementary analysis. Many, als 5 , 
contain nitrogen, and on this account lliese elcmcmts ar^ termea 
Organogens,'\ whilst sulphur and phosphorus are often present. Almost 
all the elements, non-metals and metals, may be artificially introduced 
as constituents of carbon compounds in direct union with carbon. 
The number of known* carbon compounds is exceedingly great (see 
above). Thcgcijeral procedure, therefote, of isolating^' the several 
compounds of admixture,- as is done in inorganic chemistry in the 
separation of bases from acids, is impracticable, and ^ecial methods 
have to be devised. The task of elementary organic analysis is to 
determine, qualitatively &id. quantitatively, the elements of a carbon 
compound after it has beep obtained in a pure state and characterized 
by definite physical proper, ties, such as^ crystalline form, specific 
gravity, melting point, and boiling point. Simple practicaljnethods 
for the direct determination of oxygen do not exist ; its quantity is 
usually calculated by difference, after the other constituents have been 
found. 

• Wirthschaftliche BedeiitunUchemischer Arbeit, von H. Wichelhaus, 1893. 

I This word is retained here Throm the German, but is not in general use in 
English chemical language. (Translator's note.) 
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DETERMINATION OF CARBON a 5 jD HYDROGEN 

The presence of carbon in a substance is shown by its charring when 
ignited out of contact with air. in general its quantity, as also that of 
the hydrogeif, is ascertained by combustion. The substance is mixed 
in a glass tube with copper oxide and heated, or the vapour of the 
substance is passed over red-hot copper oxide. The cupric oxide gives 
up its oxygen and is reduced to metallic copper, whilst the barbon burns 
to carbon dioxide, and the hydrogen to water. Im quantitative 
analysis, these products are collected separately in social apparatus, 
and the increase in the* weight of the latter determined. Caibon and 
hydrogeil are always simullaneously determined’. in one operation. 
The details of the quantitative analysis are fuJly described in the text- 
books of analytical chemistry.* It is on]^ necessary here, therefore, 
to outline the fntithods employed. Liebig's name is especially associ- 
ated with the elaboration of these methods (Pogg. A. 1831, 21, i). 

Usually the combustion is effected by the aid of copper oxide or fused and 
granulated lead chromate in a tube of hard^lass, fifty to seventy centimetres long 
(depending upon the greater or less volatility of the organic body). Substances 
which Jburn with difficulty should be ftiixcd with finely divided cupric oxj^^ 
finely divided lead chromate, or with cupric oxifle to which potassium bichromate 
has been added. • * 

The combustion tube is drawn into a point, and the contracted end given a 
bayonet-shape {Liebig), qf it is open at both ends {Glaser, A. Suppl. 7, 213). 
Cloeg has also silggcsted the use of an iron tube (Z. anal^Ch. 2 , 4 13). 

The tube is placed in a suitable furnace, which fornerly was heated by a char- 
coal fire, but at present gas is usually employed {A . W, Hofmann, A. 90 , 235 ; 107 , 
37; Erle^emeyer, Sr., A. 139 , 70; Glaser, l.c. : A}i<^chntz and Kehulc, A. 228 , 
301 ; Fuchs, B. 25 , 2723). Keocntly electric heating has been adoptcci with 
success (comp. B. 39 , 2263). 

When the tube has been charged, the open end is attached to an apparatus 
designefl to collg:;t the water produced in the combustion. The substances used 
tOdTctain the moisture are : 

1. A U-tube filled with carefully purified calcium chloride, which has been 
dried at i8c^ C. 

2. Pure, concentrated sulphuric acid comJhined in a specially designed tube, 
or pumice fragments, dipped in the acid, and placed in a U-tube {Mathesius, 
Z. anal. Ch. 23 . /^ 5 ). ' 

3. Pellets of glacial phosphoric acid, contained in a U-tube. The vessel 
intended to receive the water is in air-tight connection with the apparatus 
designed to a*jsorb the carbon cyoxidc. For the latter purpose ^ Liebig potash 
bulb was formerly employed, but later that of Gciasler ccyncynto use ; and very 
many other forms have been recommended (B.* 24 ,* 271 ; C. 1900, 1, 1240). 
U-tubes, filled v^Hh granulated soda-lime, arc substituted for the customary 
bulbs {Mulder, Z. anal. Ch. 1 , 2). 

“When the combustion is finished, oxwen free ftom carbon dioxide is forced 
into or drawn through the combustion-tube, air*oei^fg substituted for it later, with 
the precaution that the pieces of apparatus scrving»to dry the oxygen and air are 
filled with the same material ^hich was used ^r absorbing the water produced 
by the combustion. As soon as the entire systenf is filled with air, the pieces of 
apparatus employed for absorbing the water and carbon dioxide arc disconnected 
and weighed separately. The increase in weight of the apparatus' in which the 
water is collected represents the water resulting from the combustion of the 

♦ Anleitung zur Analyse organischer Kdrperl J. Liebig. 2. Aufl. 1853. 
Quantitative chemische Analyse. R. Fresenij*. 6. Aufl., Bd. 2. Chemische 
Analyse organischer Stofle, von Vortmann. Die Entwicklung der organischea 
Elementaranalyse, M. Dennstedt, 1899. 



4 ORGANIC CHEMISTRY 

weighed substance, and the iiiiprcase in the other the quantity of carbon dioxide. 
Knowing the composition of water and carbon dioxide the quantity of carbon 
and hydrogen contained in the burnt substance can readily be calculated in 
percentage. 

Fig. I* represents one end of a combustion furnace of the type devised by 
KehuW 9Ln6. Anschutz (A. 228, 3 (*i). In it lies .the combustion tube V, . This is 
connected with a Klinger calcium chloride tube, A ; B is a, Gci^slcr potash-bulb, 
joined to a U-tube, C. one linxb of which is filled with pieces of stick potash, and 
the other with calcium chloride. G represents mica plates, which permit of a 
careful observation of the llamc. K is a Action of the iron tube {Modification. 
C. 1903 . 1. 609 ). in which the combustion tube V rests; T a side clay cover 
placed over the mica strips ; B a ejay cover for the top- R is the gutter into 
«which the gas-pipe. l?earing the burners, is placed, ^nd from which it can be 
^removed for repair, etc^ 



Fig. I also shows, above the combustion tube, the anterior pSrtion of a, similar 
tube F*. provided with a Brclt and Poslh (A. 285. 3S5) calcium chloride tube A^, 
in which the movement of a drop of Avaier enables the analyst to determine the 
rapidity of the combustion. is a U-tube fiUed with sod'a-limet and provided 

with ground-glass stoppers. is a similar tube, filled one-half with soda-lime 

and onc-half with calcium chloride. 

* Instead of oxidizing the organic substance with the combined oxygen of cupric 
oxide or lead chromate, the method of Kopfer may be employed, in which platinum 
black is made to carry free^^xygen to the vapours of the substance. A simpler 
combustion furnace may then be employed. 

This method has been pfrfccted by Dennstedt * and his co-workers. In his 
** tapid combustion method *'^tln.e substance is introduced into a small tube and 
vapourized therefiom into a slow .stream of oxygen. At the same time a more 
rapid current of the gas is sent round the small containing tube and over the 
heated contact substance (thin strips of platinum foil), so th^t the vapour of the 
compound to be combusted is always in the prescnce.of a large excess of oxygen. 
The accompanying illustration (Fig. 2) indicates clearly the arrangement (B. 38 . 
3729; 1623). 

* Dennstedt, Anleitung zu!* vereinfachten Elementar-analyse, 2. Aufl. 

Hamburg, 1906. ^ 
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Dudley recommends that the substance be plajf^d in a boat and burned in a 
platinum tube containing granular manganese dioxide in the anterior part (B. 23 . 
3x72). Or the substance may be combusted in a drawn-out copper tube (C. 18^. 

2, 305)- 

Methods for the complete combustion of solid carbon compounds have been 
worked out hyW. Hempsl, Krocker, as well as by Zuntz and Frentzel (B. 30 . 202. 
380. 60^. by which the substance is completely burned in oxygen under pressure 
in an autoclave. . 

Gaseous bodies can be analysed according to*tne usual gas analysis methods, 
either with Bunsen* s • apparatus, orevith HcmpeVs,\ when great accuracy is not 
required. The volume of the gas or mixture of gases is mea^red after each 
successive reaction with potassium hydroxide solution, fuming sulphuric acid, 
alkaline pyrogallic acid'and ammoniacal cuprdus chloride. T 3 ese reagc;pts absorb 
respectively carbon dioxide, the so-called heavy hydrocarbons (olefines, acetylene^ 
aromatic hydrocarbons of the series), oxygen carbon monoxide. 

The gaseous residue, which may consist of nitrogqp, hydrogen and methane, is 
either exploded with oxygen and the contraction yj volume measured both before 
and after absorption of the carbon dioxide formed ; or else the two combustible 
gases may be scpafately dealt with, the hydrogen being absorbed by paladium 



. Fio. 2. 

• 

black and the mctliauc being led over incandeseftnt platinum. A complete 
separation of tljo ethylene hydrocarbons froSa those of the benzene series has 
often been attempted, bjiit the results have not been satisfactory. 

When nitrogen is present in the substances burned, its oxides are sometimes 
produced, which have to be reduced to nitrogen. This may be effected by con- 
ducting the gases of the combustion over a layer of metallic copper filings, or a 
roll of copper ^auze placed in tke front portion of the combustion tube. The 
latter, in such cases, should be a little longer than i^ual. •Tift copper, which has 
been previously reduced in a current of hydrogen, oitem includes some of the gas 
which, on subseqr.mt combustion, would yield water. To remedy this, the copper 
after reduction is heated in an air-bath or, better, in a current of carbon dioxide 
or to 200° in a vacuum. Its reduction bg the^ap(^rs of formic acid or methyl 
alcohol is more advantageous ; this may be done by pouring a small quantity of 
these liquids into a dry test tube and then suspendfng in them the roll of copper 
heated to redness ; copper thustf'educed is perfe«tly free from hydrogen. 

It is generally unnecessary to use a copper spiral when the combustions are 
carried out in open tubes. 

If the substance contains chlorine^ bromine or iodine, copper halides are formed, 
which, being volatile, would pass into the calcium chloride tube. In order to 
avoid this a spiral of thin copper, or better, silver fpil is introduced into the front 

* Bunsen. Gasometrische ilethoden, 2. Au ^Braunschweig, 1877. 

t Hempel, Gasometrische Methoden, Bramischweig. 1900. Winkler, Ga»* 
analyze, Freiberg. 1901. 
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part of the tube. When theV*Ranic compound contains sulphur a portion of the 
latter will be converted into sulphur dioxide (during the combustion with cupric 
o](ide), which may be prevented from escaping by introducing a layer of lead 
peroxide (Z. anal. Ch. 17 , i). Or lead chromate may be substituted for the cupric 
oxide, which would convert the sulphur ii^o non-volatile lead sulphate. In the 
combustion of organic salts of the alkalies or alkaline earths, apportion of the 
carbon dioxide is retained by the base. To prevent this and to expel the CO,, 
the substance in the boat is nuxed with potassium bichromate or chromic oxide 
(B. 13 , 1641). 

An organic substance, containing nitrogpn, snlplnir, chlorine or bromine, caft 
be analysed hy fiemisicdV s method (sec above, Fig. 1). It is mixed with pure 
lead peroxide and placed in a boat of special shape in the front part of the tube. 
The temperature is then raised to a 15 out 320®. The nitrogen, sulphur, and halogens 
ire held bick in the form of lead compounds, whilst th 5 carbon and hydrogen pass 
away as carbon dioxi^tf and water, and are estimated in the usual way. 

When carbon alone is to bg* determined this can be effected, in many instances, 
in the wet way, by oxidation^ith chromic acid and sulphuric acid (Messinger, 
B. 21 , 2910 ; compare A. 273 , 151). 

• ■ 

DETERMINATION OF NITROGEN 

In many instances, the presence jf nitrogen is disclosed by the 
odour of burnt feathers when tl^e compounds under examination are 
heated. Many nitrogenous substances yield ammonia when heated with 
'alkalies for, better still, with soda-lime). A simple and very delicate test 
for the detection of nitrogen is the following : the substance is heated 
in a test tube with a small piece of sodium or potassium, or, when the 
substance is explosive, with the addition of ^ry soda. Potassium 
cyanide is produced, accompanied perhaps by a sli^lit detonation. 
The residue is treated with water ; to the filtrate, ferrous sulphate 
containing a ferric salt is added, and then a few drops of jyjtassium 
hydroxide ; the mixture is then heated, and finally an excess of hydro- 
Qhloric acid is added. An undissolved, blue-coloured precipitate 
(Prussian blue), or a bluish-green coloration, indicates the presence 
of nitrogen in the substance examined. * ^ 

Nitrogen is determined quantitatively : (i) as nitrogen, by the 
method of Dumas ; {2a) as ujnnionia, by the ignition of the material 
with soda-lime (method of Will and Varrentrap) ; (26*) as ammonia, 
by heating the substance with sulphuric acid acCordiftg to the direc- 
tions of KjeldahL 

I. Dumas' (jlethod. — The substance, mixed ^-ith cupric oxidegis burned in a 
tube of hard glass «n tfje anterior end of which is a layer of metallic copper which 
serves for the reductioa of the oxides of nitrogen. The tube is filled with 
carbon dioxide, obtained by heating either dry. primary sodium carbonate or 
magnesite, contained in the posterior and closed end of the tube. It can also be 
filled from a carbon dioxide apparatus of the type recommended by Kreitsler 
(Z. anal. Ch, 24 , 440), in which case in open tube is used. A more practicable 
method of procedure consists in evacuating the tube, previous to the combustion, 

means of an air-pump, and filing each time ^ith carbon dioxide (A. 283 , 330, 
note) ; or the air may be removed by means of a mercury pump (Z. anal. Ch. 17 , 
409). 

When the combustion is ended, excess of carbon dioxide i|S employed to sweep 
all the nitrogen from the combustion tube into the graduated tube or azotometer, 
which may have one of a variety of forms (Zulkowsky^ A. 182 , 296 ; B. 18 , 1099 ; 
Schwarz, B. 18 , 771 ; Ludwig, B. 13 , 883 ; H, Schiff, B. 18 , 885 ; Staedel, B. 18 , 
2243 ; Groves, B. 18 , 1341 ; Ilrmki, B. 17 , 1348).* The potassium hydroxide in 
the graduated vessel absorbs all the disengag^ carbon dioxide, and only pure 
nitrogen remaine. 
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Given the volume Vf of the gas, the baromct^c pressure p and the^ vapour- 
pressure s of the potassium hydroxide (Wullner A. 103, 529 ; 110, 564) at 
the temperature t of the surrounding air, the volume at 0° and 760 mm. may be 
easily deduced : 

V > 

• ® 760 {i+o oo3665<) 

Multiply Vq by 0*0012507, the weight of i c.c. of nitrogen at o® and 760 mm., and 
the product will represent the weight in grams of ^he observed volume of nitrogen : 

* G = —2r~r^~\~r~4\ ^ o’ooi2507 

760(1 + 1*0036650 ^ ' 

from which the percentage of nitrogen in Jthc substance analysed can easily be 
calculated. ^ . 

Instead of reducing the observed gas volume V, from^^hc observed barometpc 
pressure and the temperature at the time of the experimAi.t, to the normal pressure 
of 760 mm. and the temperature of 0° (*' N.T.P*"), the reduction may be more 
readily effected by comparing the Observed vqjiimei of gas or vapour with the 
expansion of a.*nprmal gas-volume (100) measured at 760 mm. and o®. For this 

purpose the equation Vo=V.^^ is employed, in which v represents the changed 

normal volume (100). The gas-voliimomctcr recommended by Kreusler (B. 17, 
30) and Winkler (B. 18, 2534), Lunge nitrometer (B. 18, 2030 ; 23, 440 ; 

24. 1656, 349 T ; J. A. Muller, 13. 26, R. 3S8) will answer very well for this purpose. 
Or the nitrogen may be collected in a gas^aroscope, and its weight calculated from 
the pressure ol a known constant volmmc of nitrogen (B. 27, 2263). • 

Frankland and Armstrong conduct the combu.stion in a vacuum,^ndidiSpefise 
wth the layer of metallic copper in the anterior portion of the tube. If coy nitric 
oxide is formed it is collected together with the nitrogen, and is subsequently 
removed by absorption IB. 22, 3065). 

Consult Hempel (Z? anal. Ch. 17, 409) ; E. Pfluger (ibid., 18, 296) ; and 
J annasch Z.116, P'. Meyer (A., 233, 375), for methods ijy which carbon, hydrogen, 
and nitrogen are determined simultaneously. 

Secfiehrenbeck (B. 22, 1694) when nitrogen and hydrogen are to be estimated 
simultaneously, in cases where the carbon was determined in the wet ws^, as by 
Messinger*s method. 

«For the simultaneous determination of carbon and nitrogen, see Klingenuinn 
(A. 275, 92). 

. 2. Will afSd Varrentrap's Method. — When most nitrogenous organic com- 

j)ounds (nitro-derivatives excepted) are ignited with ^kalies, all the nitrogen 
IS elimin^^tcd in the form of ammonia gas. The yrcighed, finely pul\<erised sub- 
stance is mixed with about 10 parts soda-lkne, and placed in a combustion tube 
about 30 cm. in length, which is then filled wAh soda-lime. At the open end of 
the tube therc^s conliected a bulb apparatus, containing dilute hydrochloric acid. 
The anterior portion of the tube in the furnace is first heated, then that containing 
the mixture. In order to carry all the ammonia into the bulb, air is passed through 
the tube, af^r the fused-up en^ has been broken. iThe ammonium chloride in tfi^ 
hydrochloric acid is precipitated with platinic chlorid^ as aiflmonium-platinum 
chloride (PtCl4 . 2NH4CI); the precipitate is than ignfted; and the residual Pt 
weighed ; i atom of Pt corresponds to 2 molecules of or 2 atoms of nitrogen. 

Or, having employed a definite volume of acid in the apparatus, the fexcess 
hfter the ammonia absorption may be detcrmined^olumctrically, using fluorescein 
or methyl orange as an indicator. • • • 

Generally, too little nitrogen is obtained by Biis method, because a portion of 
the ammonia undergoes decomposition. This is*avoided by adding sugar ^ the 
mixture of substance and socAi-limc, and by af ceding heating the tube too strongly 
(Z. anal. Ch. 19, 91). Further, the tube must be filled with soda-lime as com- 
pletely as possible (Z. anal. Ch. 21, 278). 

The method bf Will and Varrentrap is made more widely applicable by the 
addition of reducing substances to the soda-lime. Goldberg (B. 16, 2549) recom- 
mends a mixture of soda-lime (100 parts), stannoiA sulphide (100 parts), and sulphur 
(20 parts) ; this he considers especially adv^tageous in estimating the nitrogen 
of nitro- and azo-compounds. For nitrates, ^nold (B. 18, 806) employs a mixture 
of soda-lime (2 parts), sodium thiosulphate (i part)^ and sodium formate (i part). 
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3. Kjeldahl's Method. — Th^/substance is dissolved by hfeating it with cofl- 
c^trated sulphuric acid. This ‘decomposes the organic matter and converts the 
nitfogen into ammonia. After the liquid has been diluted with water and cooled, 
and a small quantity of potassium permanganate has been added, the ammonia 
is expelled from it by boiling with sodium hydroxide (Z. anal. Ch. 22 , 366). This 
method is well adapted for the determination of the nitrogen of plants and animal 
substances (compare urea) . When the nitrogen in nitro- and cyanogen compounds 
is to be estimated, sugar must b^. added ; and in the case of nitrates, benzoic acid. 
The addition of mercury or mercuric oxide is highly advantageous ( 13 . 18 , R. 
199. 297; 29 , R. 146). Pyridine and quinoline cannot be analysed by this’ 
method (B. 19 , 367, 368). 

The Kjeldahl method for the determination of nitrogen has rapidly come into 
favour on account of hhe simplicity oi the operation and of the apparatus, and of 
tl^jP possibility to carry out a number of determinations simultaneously. A large 
number of modification^ Vaf the method have been* proposed to render it generally 
applicable (B. 27 , 1633,^28, R. CJ37 ; C. 1898, 2 , 312). 

Note. — The nitrogen of nitro- and nitroso-compounds can be determined 
indirectly with a standardized solution of stannous chloride. I'lie latter converts 
the groups NO 3 and NO into the amide group, and is itself co A verted into an 
equivalent quantity of stannic chloride. Tliis can be determined by titrating 
the excess of stannous .salt with an iodine solution (Limpricht, B. 11 , 40). 


DETERMINATION OF THE HALOGENS, SULPHUR, AND 
" , PHOSPHORUS , ' 

Qualitative Analysis : Substances containing chlorine, bromine and 
iodine burn with a flame having a green-tinged border. The following 
reaction is exceedingly delicate. A little ciipiic oxide jg first ignited 
on a platinum wire, then some of the substance to be examined is 
placed upon it, and the whole is heated in the non-luminous gag. flame, 
which -is coloured an intense greenish-blue if a halogen is present. 
A more definite test is to ignite the substance in a test tube with burnt 
lirie (free from halogens), dissolve the mass in nitric acid, and..tlien 
to add silver nitrate ^to the filtered solution. 

The ];^resence of sulphur can f.cquently be detected by fusing th^ 
substance with potassiurli hyc^roxide ; potassium sulphide results, 
which produces a black stain of silver sulphide on a clean piece of 
silver ; or by heating the substance with metallic sodiutn and tes^ting 
the aqueous filtrate for sodium sulphide with sodium nitroprusside : 
^if present, a purple-violet coloration is produced. Wlien, testing for 
sulphur and ph^spj^crus, the substance is dxidized with admixture of 
potassium nitrate an& potii^sium carbonate ; the resulting sulphuric 
and phosphoric acids are sought for by the usual methods. 

Quantitaiine Analysis : A glacis tube, closed at one end, and about 

33 cm. in length, containing a mixture 01 tlie substance with chlorinc-frce lime, is 
heated. After cooling, its contevi^s are d'scclved in dilute nitiic acid, the solution 
is filtered and silver titrate is to precipitate |the halogen. 

The decemposition is easier 6 of lime a mixture of lime with \ part 

sodium caibonate, or 1 part sodfem carbosatf with 2 parts potassium nitrate is 
employed ; and in the case of subct'».nc'’s volati^i3l.ng with difiO^ulty, a platinum 
or porcelain ciucible, heated o^’^er a ges lamp, can be used {Volhard, A. 190 , 40; 
Scheff, A. 195 , 293). With ccqipounds crn 'air^rg. iodine, iodic acid may form, 
which, after solution of the mass, may be reducei^ by sulphurous acid. The 
volu/netiic method of Volhard (ih. 190 , i) for estimating halogens; employing 
ammonium thiocyanate us indicator, is strongly to be recommended in (fiace of 
the customary gravimetric m^od. 



DETERMINATION OF THE MOLECULAR FORMULA $ 

The same decomposition can also be effected ^ ignition with iron, ferric oxide, 
and sodium carbonate (E, Kopp, B. 10 , 290], 

The substances containing the halogens may also be burned in oxygen. ^Xhe 
gases are conducted over platinized quartz sand, and the products collected in 
suitable solutions (Zulkowsky, B. IB^R, 648). 

The substances may be burned in a current of oxygen, and the products con- 
ducted through a layer of pure’granular lime (or soda-lime) raised to a red heat. 
Lrater, the lime is dissolved in dilute nitric acic}^ and the halogens, the sulphufic 
acid and the phosphoric acid may then be estimated. Arsenic may be determined 
similarly (Br’ugelmann, Z. anal. Ch«. 15 , 1 ; 16 , i). Saner recommends collecting 
the sulphur dioxide, formed in the combustion of the sub.stanjpe, in hydrochloric 
acid containing bromine (ibid, 12 , 178). See also the simultaneous estimation of 
halogens and sulphur in the presence of barbon and hydrogen, by Dennstedfs 
method (p. 4). * ' 

To determine sulphur and -the halogens by the method suggested by Klason 
(B. 19 , 1910), the substt?.nce is oxidized in a current ©f oxygen charged with 
nitrous vapours, and the products of combustion gLce conducted over rolls of 
platinum foil. , Consult Poleck (Z. anal. Ch. 2 ?, 171) for the estimation of the 
sulphur contained in coal gas. 


A method of frequent use for the determination of the halogens, 
sulphur, and phosphorus in organic bodies is that of Carius (Z. anal. 
Ch. 1, 240 ; 4 , 451 ; 10, 103) ; Linnemann (ibid. 11, 325) ; Ohermeyer 
(B. 20, 2928). ^ , 

The substance, weighed out ill a small glass tube, is heated tpgetker 
with (Concentrated nitiic.acid and silver nitrate to i50-3bo®'C. in a 
sealed tube, and the quantity of the resulting silver haloid (B. 28 , R. 
478, 864), sulphurif acid, and phosphoric acid d(?termined. The 
furnace of B^ho (B. 13 , 1219) is especially ^adapted for healing the 
tubes. The results by this method are not always reliable (A. 223 , 184). 

The following method is more generally applicable for the estima- 
tion of sulphur and the halogens : the substance is carefully heated in 
2^ nickel crucible with a mixture of sodium and potassium carbonates 
and .sodium peroxide. After having been melted, the product of^re- 
jaction is diifcolved in water and acidified with hydrochloric acid con- 
taining bromine ; the sulphur is then precipitated as bariun^ sulphate 
(B. 28 , 427 ; C. 1904, 2, 1622, etc.), ^ * 

In many instances, the halogens may -be separated by the action of 
SQdium amalyam on the aqueous solution of the substance, or by that 
of sodium on the alcoholic solution. The quantity of the resulting 


salt is determined in the filtered liquid (Kekule, A. Suppl. 1, 340^, 
corap. C. 3^05, 1, 1273 : B. 39 , 4056). . » ' 

Sulphur and phosphorus can often be estin^ited by the wet method. 
The oxidation is effected by means of potassium permanganate and 
SLlkali hydroxide, or with potassium bichrejmate and hydrochloric acid 
(Messinger, B. 21, 2914). * ^ ^ 


DETERMINATION •OF THE MOlECULAR FORMULA * 

Tlie results ^of elementary analysis are expressed as the percentage 
composition of the substance thus examined ; then follows the deter- 
mination of the molecular formula. r 

We arrive at the simplest ratio in t^e number of elementary atoms 

* Die Bestimmuug des Moleculargewichts in theoretischer und practischer 
Beziehung, von K. Windisch, 1892. ^ 
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contained in a compound, w dividing the percentage numbers by the 
resjiBctive atomic weights oi the elements. 


Thus, the analysis of lactic acid gave the following percentage composition : — 


Garbon • 40*0 per cent. 

Hydrogen 66 „ # 

Oxygen 53 ’4 .. (by difference) 


100*0 


Dividing these numbers by the corresponding^weights (C = 12, H =1, O = 16). 
the following quotients are obtained : — 


40*0 


V 3*3 


6*6 


= 6*6 


= 3*3 


- - - 

Tlferefore, the ratio of tl^ number of atoms of C, H, and O, in lactic acid, is as 
3*3 : 6*6 : 3*3, or i : 2 : i. The simplest atomic formula, then, would be CHjO ; 
however, it remains undeterminsd what multiple, if any, of this formula expresses 
the true composition. The lowest formula of a compound, by which is expressed 
the ratio of the atoms of other elements to those of the carbon atoms, is an 
empirical formula. Indeed, we are acquainted with different substances having 
the empirical formula CH2O, for example, formaldehyde, CH, 0 ; acetic acid, 
CSH4O2; lactic acid, C3H4O3; dextrose, C2H12O3, etc. 


With compounds of complicated structure, the derivation of the 
, simplest formula is, indeed, unreliable, because various formulae may 
b^ (kduced from the percentage nunlbers on account of the possible 
errors ©f observation. The true moleculai; formula, therefor^, can 
only be ascertained by some other means. Three courses of procedure 
are open to us. First, the study of the chcmic^J reactions, and the 
derivatives of the substaaice under consideration ; second, the deter- 
mination of the vapour density of volatile substances ; and third, the 
examination of certain properties of the solutions of soluble substances. 


(i) Determination of the Molecular Weight hy the Chemical Method 

This is applicable to all substances, but does not invariably lead to 
definite conclusions.' It consists in preparing derivatives, analysing 
them and comparing thein formulae with the supposed formuja of thd 
original compound. The prpblfem becomes simpler when the sub- 
stance is either a base or an acid. Then it is only ncjcessafy to prepare 
a salt, determine the quantity of metal combined with the acid, or of 
the mineral acid in uniqn with the base, and from this to calculate 
•the equivalent fprmula. A few examples will serve to illust:rate this. 

* The silver salt of lactic*a<nd may be prepared (the silver salts are easily obtained 
pure,, and generally crystallize without water) and the quantity of silver in it 
determined ; 54*8 per cent, of silver will be found. As the atomic weight of 
silver = 107*7, the amount of |Jie other constituent combined with one atom of 
fiig in silver lactate, may be caldulafed fr6m the propoi tion — 

54*8 : ^100 — 54*8) ; : 107*7 ; x 
‘ *=890. 

Granting that lactic acid is monobasic, that in the silver salt one atom of hydrogen 
is replaced by silver, it follows that the molecular weight of the free (lactic) acid 
must = 89 -f X 90. Consequently the simplest empiric forqiula of the acid, 
CH2O ~ 30, must be tripled. Hence, the molecular formula of the free acid is 
C.H,0, - 90 : 

Hgsa 6 . . . 6*7 • 

0,=4\ . . . 53 3 


f 


e 


90 


100*0 
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In studying sf base, the platinum double s^t is usually prepared.* The con- 
stitution of these double salts is analogous to that of ammonium-platinum chloride 
— PtCl4 . 2(NH4HC1) — the ammonia being replaced by the base. The quantity of 
platinum in the double salt is determined by ignition, and calculating the quantity 
of the constituent combined with q^e atom of Ft (193*2 parts). Froni the number 
found, six ^toms of chlorine and two atoms of hydrogen are subtracted, and the 
result is then divided by two ; the final figure will be the equivalent or molecular 
weight of the base. ^ 

Or, the substance is subjected to reactions of various kinds, e.g. the substitu- 
tion of its hydrogen by chlorine. eXhe simplest formula of acetic acid, as described 
above, is CH^O. By substitution three acids can be obtained from acetic acid. 
These, upon treatment with nascent hydrogen, revert to the^original acetic acid. 
They are — ' , • 9 

‘CjHjClOg — Monochloracetic Acid, 

CjHjOljOa — Dichloracctic Acid,* and 
CgHCljOa — Trichloracetic Acid. , 

Consequently, there must be three rcplaoeablc^ hydrogen atoms in the acid. 
This would lead us to the formula C2H4O2 for it. (Comp, also Ladenburg : Die 
Theorie der aromatischen Verbindungen (1876), p. 10.) 

Knowing the molecular value of an analysed compound, it will 
often be necessary to multiply its empirical formula to obtain one which 
will express the number of atoms contained in the molecule. This 
will be the empirical molecular^ formula. 


(2) Determination of the Molecular Weight from the Vapour 
^ Density 

This method is limited to those substances which can be volatilized 
without undergoing decomposition. It is based upon the law of 
Avog^dro, according to which equal volumes of all gases and vapours at 
like temperature and like pressure contain an equal number of molecules. 
TJie molecular w'eights are, therefore, the same as the specific gra'^ties. 
As* the specific gravity is compared with H = i, and the molecular 
weights wfth H2 = 2, we ascertain the moleculai; weights by multiplying 
the specific gravity by 2. Should the specific gravity^ referred 
to air = I, then the molecular wcigjit is 5 qual to the specific gravity 
multiplied by 28*86 (since air is 14*43 times heavier than hydrogen). 

Molecular Weight. Specific Graxaty. 

Air — — 14*43 I 

Hydrogen . . . Hg =2 *1 0*0693 

Ox^^gen ... ©2 = 31*74' 15*87 1*1060 

Water .... HjO = 17*87 ^ 8*^3 0622 

Methane . . . CJ:l4 = i 5‘97 T *98 0*553 


Experience has shown that the results airived at by the chemical 
method and those obtained fFom «the» vapour density — are almost 
always identical. If a deviation should,occur, it is invariably in con- 
sequence of the subst^ce undergoir^gjdecomposition, or dissoeiation,* 
in its conversion into vapour. 

Two essentially different methock are employed in determinir^ the 
vapour density. According to one, by weighing a vessel of known 
capacity filled with vapour, the weight^of the latter is ascertained — 
method of Dumas and^f Bunsen; in accordance with the other, a weighed 
quantity of substance is vaporized ^nd the volume of the resulting 
vapour determined. In the latter case the Y^pour volume may be directly 
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measured— methods of Gay-h^tssac and A. W, Hofmaniti or it may be 
calcT|lated from the equivalent quantity of a liquid expelled by the 
vapour — displacement methods. The first three methods, of which a 
fuller description may be found in mo^’e extended text-books,* are 
seldom employed at present in laboratories, because the method of 
V. Meyer, which is characterised by simplicity in execution, affords 
sufficiently accurate results foi. all ordinary purposes. 


Method of Victor Meyer. — Determination of vapour density by displacement of air 
(B. 11, 1867, 2253). ^‘A weighed quantity of substance is vaporized in an enclosed 
space, and the volume cf air which it displaces is measured. Pig. 3 represent^ the 
apparatus constructed for this purpose. It consists of a nafrow glass tube, ending 
in a Cylindrical vessel, A . Xhe upper, somewhat enlarged opening, B, is closed with 
an india-rubber stopper. , A short capillary side tube, C, conducts the displaced 
air into the w'ater-bath, D. The Substance is jveighed out in a small glass tube 
l^rovided'with a stopper, and is vaporiz.ed in A, the 
escaping air being collected in the eudiometer, E. The 
vapour-bath, used in heating A, consists of a wide 
glass cylinder, F (B. 19 , 1862), f whose lower, some- 
wiiat enlarged end, is closed and filled with a liquid 
of known boiling point. The liquid employed is 
determined by the substance under examination ; its 
boiling point must be above that of the .latter. 
Tome of the liquids in use are water (lOO®), xylene 
(about 140®), aniline (184®), ethyl benzoate (213®), , 
amyl benzocite (261®), and diphenylaminc (310®). 

The vapour density, S. equals the weight of the 
vapour, P (the same, naturally, yis the weight of the 
sufjstance employed), divided by the weight of an 
equal volume of air, P' — 

s_?- 

z c.c. of air at o® and 760 mm. pressure weighs 
0*001293 The air volume Vt, found at the 

observed temperature is under the pressure p—s* in 
which p indicates the barometric prcssurC and 5 the 
tension of the aqiisous vapour at temperature /. The 
weight then would be — 



o 001293. V,. 


1 • p 

I -b 0-00367/ ’ 7i >0 * 
Consequently the vapour density sought is— 

I 0-001293. Ve ( p -~ s ) 

The* displaced air may be collected in the gas-baroscope 
(compare p. 7). (B. 27 , 2267.) 

y. Meyer\s method yields results that are sufficiently 
accurate in ftraettee, because in deducing the molecular 
weight from the vapour density^,, relatively large numbers are considered and 
the little differences do* not come into considerati^. A gi*eater inaccuracy 
may arise in the method of intib^cing the subsmuces into the apparatus 
bMause air is apt to ,enter the vessel. L, Meyer (B. 13 , 99i)» Piccard (B. 18 , 
Z080), Mahlmann (B. 18 ,’ 1624), and V. Meyer and Biltz (B. 21 , 688) have 
suggested various devices to avoid this source of error. To test the liability to 
decomposition of the substance at the temperature of the, experiment, a small 

* Consult Handwdrterbuch der Gtemie, Ladenburg) Bd. 8« 244. 

: ' i it is simpler to make the reduction to 760 mm. o® by comparison with a 
Bbrmal Tolume (p. 7). ■ k 
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portioa of it maf be heated in a glass bulb daiwn out to a long pofut (B. 14, 
1466 ). 

Sttbstanees boiling above 300* are heated in a lead-bath (B. 11 , 2255). Boice- 
lain vessels are used when the temperature required is so high as to melt glass, 
and the heating is then carried ouSdn a Perrot's gas oven (B. 12 , z z 12). Where air 
affects the Substances in vapour form, the apparatus is filled with pure nitrogen 
(B. 18 , 2809 ; 21 , 688). If tlie substances under investigation attack porcelain, 
tubes of platinum are substituted for the latter, which are enclosed in glazed 
porcelain tubes, and then heated in furnaces’ (B. 12 , 2204 ; Z. phys. Ch. 1 , 146 ; 
B. 21 , 688). This form^of apparatus allows of the simultaneous determination 
of temperature (B. 15 , Z4Z ; Z. phys. Ch. 1 , 153). ^ 

For modiheatious in displacement methods of determining the density of gases, 
consult V. Meyer (B. 15 , Z37, zi6z, 277if; Langer and Ff' l^rotechnjsche 
Untersuchungen, Z8S5 ; Crafts (B. 18 , 851 ; 14 , 356 J 16 , 457). For air-baths 
and regulators see L. Meyer (B. 16 , Z087 ; 17 , 478). 

Modifications of the displacement method,,, adapted for work under reduced 
pressure, have been proposed by i.a Costs (B«, 18, fiZ22), Schall (B. 22, Z40, with 
bibliography; ,B. 27. R. 604), Eyckmann (B. 22. 2754), V, Meyer and Demuth 
(B. 23, 3zz) ; Richards (B. 23, 919, note), Neuberg (B. 24, 729, 254^). 

For further methods see Nil son and PeUersson (B. 17 , 9S7 ; 19 , R. 88 ; J. 
pr. Ch. 33, 1) ; BilU (B. 21 , 2767). 


(3) Deierminaiion of ihe Molecular Weight of Substances when in 
, ^ Solution ^ 

I. By Means of Osmotic Pressure. — According to the theory of 
solutions developed by van 't Hoff (Z. phys. Ch. 1 , 481 ; 3, 198 ; 
B. 27, 6), ♦•chemical substances, when in dilute solution, behave as 
though they were in the form of a gas or vapour ; so that the laws of 
i?oy/<aand Gay-^ssac, and the hypothesis of Avogairo, apply also to 
dilute solutions. Wc know that the gas particles exert pressure.’and it is 
also true that the particles of compounds, when dissolved, exert a pres- 
sure, which is directly expressed or shown by osmotic phenomena, and 

• hence it is termed osmotic pressure. This pressure is equal to that 

• which would be exerted by an equal an\punt of the substance, if it 
were converted into a gas, and occupied the same volume, at the same 
temperature, as^the solution. Solutiohs containing molecular quan- 
tities of different substances exert the same osmotic pressure. It is, 
therefore, possible, as in the case of gas pressure, to deduce directly the . 
moleculaj. weight of the sjibstance in solution from itsj)sm6tic pressuse. 

Pfeffer has determined osmotic presshre by mpans of artificial cells having 
semi-permeable walls. > If suitably modified, thft, method promises to be of wide 
applicability {Ladenburg, B. 22 , 1225). . 

The plasmolytic method of de Vrie^ for the determination of osmotic messure* 
is based upon the use of living plant-cells, *n plaju of which Hamburger onployed 
red blood corpuscles (Z. physik. Ch. 2 , 415 ; 1^424)." 

The molecular weight ^most simply calculated by the general formsd^' for*, 
gases : p 9 « RT, in which R represents a < 3 >zl^tant,*and T the absolute tenxpera- 
•ture, calculated from -i- 273*. If this equation is also to include the -hypptiiesis 
of Avogadro (that the molecular weights of gases or. dissolved substances occupy 
the same volume at like temperature and pressure), thej^ molecular qUsliati&s 
of the substances mus^ always be taken info cqpsideration. The cd^ta^t'.equals 
84000 for gram-molecular weights (2 grams hydrogen, or 3x74 gran^ oxygen) 
: : ^ -a 

*^ee Ostwald's Grundriss der allgemeinen Chemie, 2. Aufl. 1890;' 
Meyer-Rimbach Gruudziige der thec^etischen C]|emie, 4. Aufl. 1907.' ■* . 
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at the temperature o® (or 273®),\ind the pressure (gas or osmbtic pressure) of 
76 cm', of mercury. 

* p . V = 84000 . T.* 

where v represents the volume corresponding: to the gram-molecular weight 
= in which a is the weight in grams of i c.c. of the gas, or dissolved .sub- 
stance, contained in 1 c.c. of the so|nlion). After substitution the formula reads : 

M 

P- 13*59 X = 84000 /273 -f /). 


with the four variaMes p, M. a and t. If three of these be given the fourth 
can be calculated. Cqpisecjucntly, tho« molecular weight M'is found from the 
formula — • 

• ^ 6 i 8(.273 + 0 

' ‘ ' ^.I,r59 P' 


2. From the Lowering of the Vapour Pressure or the Raising of the Bolling 
Point. — The lowering of the vapour pressure of solutions is clqsely connected 
with osmotic pressure. Solutions at the same temperature have a lower 
vapour pressure (/') than tlic pure solvent (/), and consequently boil at a 
higher temperature than the latter. The lowering in pressure (/—/') is in pro- 
portion to the quantity of the substance dissolved (Wuttner), according to the 
f—f' 

equation ==^ g, in which k representti the ''relative lowering of the vapour 
* *■ 
presluxU ^ cent solutions, and g their percentage content. , 

If the lowering be referred not to equal quantities, '’but to molecular quantities 
of the substances dissolved, it is fouiul that equi-molccular solutions (those con- 
taining molecular quantities of the dillerent substances ^n equal amounts in 
the same solvent) show equal glowering — the molecular vapour pressure lowering 
is constant : — 


M, 




Again* on comparing the relative lowering of vapour pressure in different 
solvefits, it will be found also that they are equal, if equal amounts of the suj)- 
stances arc dissolved in molecular quantities of the solvent. In its broadest 
sense the law would read : The lowering of vapour-pressure is to *the vapour- 
pressure of the solvent (ff as the number of molecules of the dissolved body (w) 
is to the tot«l number of molecujcs (« + N) : — 

/-/'• w_ 

g G ^ • ► 

Substituting ^ and (g and G represent the weight quantities of the sub- 


stance and the solvent ; m andcM arc their molecular weights), for n and N, the 
molecular weights, xan readily be calculated. c % 

( F. M. Raoult (18871^ discovered these relationships and put them forward 
as being empirical. Soon aff:er fan Hoff (Z. phys. Ch. 8, 115) deduced them 
theoretically from the osmotic pressure. They are only of value for substances 
non-volatile as compared with the solvent, or for such as volatilize with difficulty, 
and show the same abnormalitiis as^ are observed with osmotic pressure and 
depression in the freezing point. * 

The methods for the determination of vapour pressure are yet too little known 
‘and pitmitive in their nature to be^ applied in the practical determination of 
molecular weights (B. 22 , 1084 ; £. phys. Ch. 4 , 538). Far more simple and 
exact is the determination of the rise in the boiling point, which corresponds with 
this [Beckmann, Z. phys. Ch. 4 , 539 ; 6 , 437 ; ^ 223 ; 16 , 656 ; B. 27 , R. 727 ; 
28 , R. 432). 

• ^ R « p = 1033 s= 76 X 13-59 (sp. gr. of mercury) ; v -n 22196 « 31-74 
(wt. of 1 C.C. of oxygen). It ■* 

n 273 
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Method of BeSk^n.— A tube, .4 (Fig. 4)', is employed as the boiling 
vessel, and is provided with two side tubes and The substance under 
^aminationjs introdi^ed through ; a condenser, N, is attached to aAd a 

Garnets or fragments of platinum 



calcium chloride tube may be inserted at M. 
are introduced into the 
main tube, iollowed by 
the solvent, and finally 
the opening is closed 
by a differential ther- 
mometer (Beckmann, 

Z. physik. Ch. 61 , 329), 
of which the bulb must 
be completely covered , 
by the liquid. The boil-' 
ing tube is surrounded 
with an air-bath consist- 
ing of a mica cylinder, 
g, and two glass-wool 
plugs, hx and i,.* When 
dealing with liquids of 
high boiling point the 
air-bath may be re- 
placed by a vapour- 
bath made of glass or 
porcelain, which is 
charge^ with the same 
liquid as that which is • • * 

employed as the solvent; otherwise the boiling tube may be heated directly on 
an asbestos netting, LD, over a micro-burner. The boiling point of the pure 
solvent is first read, a<id then again after a knoAvn quantity of the solute has 
been introduce^ down the tube /. A rise of teinpei^turc is observed, and should 
be taken after each of several successive additions of weighed quantities of the 
solute. 

A modification of the apparatus has been devised by Beckmann (Z. 
physik. Ch. 44 , 161) based on that of Sakurai and Landsberger (B. 31 , ^$8 ; 36 , 
1555)- Ibi this form, the temperature of the solution is raised by passing into it 
the yapour of the solvent, whereby continuous readings can be taken of«the 
boiling pointpf the solution of a constant weight of solute in an increasing quantity 
•of solvent. S. Arrhenius has deduced a formula for the^ molecular rise in boiling 
•point, which is perfectly analogous to that of van 'fHo/jTforthe molecular depression 

• • 'j'r 

of the freezing point. The molecular rise js expressed by rf=o-02 . — , in which 

T represents ^’he absolute boiling point, and w the heat of evaporation of the 
solvent. Upon dissolving i gram-molecule of a substance, i.e. if the molecular 
weight of the body is m, then m grams of it in 100 grams of solvent, the boiling 
point will be raised ; upon dissolving p grams lOf the substance in 100 gr. of 

mr ^ p «) 

solvent the rise will be whence from wWch 

w • •* 

A. ^ 

where ^ 

p = the weight (in grams) of the substanc^' dissolved in too grams of the 
solvent, 

i boifing point 
djsr observed rise in boiling point. 

The molecular rise of the boiling point in the case of ether is ai'i*, of 
chloroform 36*6®, and, of acetic acid 25*3®. ^ 

3. From the Depression of the^ Freezing: Point.— The mole- 
cular weights of dissolved substances are accurately and readily 

* 11 

• tTffarpare Public r.lbr__. 


d SB molecular rise in 1 
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deduced from the depression of the freezing points of their solutions. 
Bldgden in 1788, and Rudorff in 1861, found that the depression of 
the freezing points of crystaJlizable solvents, or substances (as water, 
benzene, and glacial acetic acid) is proportional to the quantity of 
substance dissolved by them. The later jesearchcs of Cc^pet (1871), 
and especially those of RaouU (1882), have established the fact that 
when molecular quantities of dilferent substances are dissolved in the 
same amount of a solvent, they show- the same depression in their* 
freezing points of Raoult), If / represents the depression pro- 

duced by p grams ^f a substance dissolved in loq grams of the solvent, 

tfce coefficient of depression ~ will be th^ depression for i gram of 

substance in 100 ^ams of the solution.* The molecular depression is 
the product obtained by multipl5dng the depression coefficient by 
the molecular weight of the dissolved substances. This is a constant 
for all substances having the same solvent : — 


= :C. 

P 

RaoulVs experiments show th'e constant to have approximately 
the following values : for benzene, 49 ; for glacial acetic acid, 39 ; for 
water, 19. ^ When the constant is known, the molecular weight i^ calcu- 
lated as follows : — 

M: :C?. 


A comparison of the constants found for different solvents will disclose the , 
fact that they bear the same ratio to each other as the molecular weights — that 
consequently the quotient obtained from the molecular depressions and nSolecular 
weights is a constant value of about 0*62. It m^'ans, expressed differently, that 
thq molecule of any one substance dissolved in 100 molecules of a liquid loyv^ers 
the point of solidification very nearly 0-62'^. • 

These empirical laws, discovered by Cof>^et and Raoult, have boon theoretically 
deduced hyGuldberg (1^*70) and van 't Hoff (1886) from' the diminution of vapour 
pressure a«id of osmotic pressure. The constant C is obtained for the va^^ou^j 

solvents, from the formula 0*02 — , Vhere T indicates the absolute temperature 

of solidification of the solvent, and w is its latent heat of ‘fusion. In this way 
van *t Hoff calculated the constants for benzene (53), acetic acid (38*8), and water 
i 8’9 (sec above). 

The laws jiiSt desqj-ibed can only be employed in their ^mple form 
in the case of indifferent or'^but slightly chemically active substances. 

Salts, strong acids, and bases (all electrolytes) behave unexpectedly 
in that the depressions of freezing point, the change in osmotic pressure, 
and the lowering of vapouf pifessuft as found experimentally are all 
greater than their calculated values ; the electrolytic dissociation 
theoVy of Arrhenius (Z. phy% Ch. 1, 577, 63*; 2, 491 ; B. 27 , R. 542) 
accounts for this by the assumption tfiat the electrolytes have separated 
into their- free ions. However, even tfie indifferent bodies exhibit 
many: abnormalities — ^generally the very opposite of the ordinary. 
These seem to be due to the fact that the substances held in solution 
i-Bad not completely broken up into their individual molecules. The 

* Arrhenius (Z. phys. Ch. 2, 493) expresses the content of solutions by t)ie 
weight in grants ol the substa|ices contai^pd in zoo c.c. of the solution. 
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most accurate results are obtained by operating with very dilute 
solutions, and by emploj^g glacial acetic acid as solvent. This dfe- 
sociates solids most readily. . 

s 


Various foiins of apparatus suitable for the above purpose, 
and methods of working have been proposed by Auwevs (B. 21 , 
71 1), Holleman('B, 21, 860), Hentschel (Z. phys. Ch.f 2 , 307), Beck- 
mann (Z. phys. Ch. 2 , 638), Eykmann (Z. phys. Cb. 2 , 964), Klohu- 
how (Z. phys. Ch. 4 , 10), and Bauman^ and Fromm (B. 24 , 1431). 

Method of Beelnnann. — A thick walled test tube, 2-3 cm. in 
diameter, to which a side tube has been fused (Fig. 5), is partially^ 
filled with 10-15 gm. bf solvent, weighed t(f the nearest grsifhi. 
A platinum stirrer is inserted, which terminates at its upper 
end in a platinized or enamelled iron ring. The freezing tube 
is then closed with a stopper carrying a Beckmann thermometer 
(p. 15). Above the iron ring of the stirrer is*fixe^ a small 
electromagnet, which is energized by the accumulators A at 
periods determined 
by the metronome 
M. The stirrer is 
thus kept continu- 
ously in motion, 
whilst the injurious 
effect of the atmo- 
spheric moisture is 
avoided. *The lower 
part of the freezing 
tube is fixed by 
means of a cork 
inside a wider tybe 
in order to prevent 
a too rapid fall of 
temperature when 
the apparatus is 
plunged into a 
beakef containing a 
freezing* mixture. 

When the solvent 





chosen is acetic acid (solidifying about 16®) cold water may be employed ; for 
benzene (solidifying about 5®), icc-watcr is suitable. The freezing 
point of the solvent is then determined, by c!boling it to 1-2® below 
Its solidifying pojnt and then starting crystallization by stirring, or 
by the introduction of scraps of platinum foil or by “ inoculation '* 
with a crystal of the substance forming the solute. The thermometer 
then suddenly rises a little, and the freezing point is taken to be that 
at which the anercury remains constant for a little while. Aiter 
allowing the mass to thaw, a carefully weighed quantity ef solid 
to be examined is introduced down the side tube* and allowed to 
dissolve. The freezing point of the solution is then determined in 
a similar manner to that just desenbed (B. 28 , R. 412 ; C. 1910, 

I. 241 ; II. 361 ; Z. phys. Ch. 40 , 192 ; A 4 , 149). 

Eykmann's Method (A. 27.89 98) requires phenol as the solvent 
(melting about 38®), whereby considerable simplifiSation is possible. 

Its molecular depression is greater than that §0^ benzene, and has 
been calculated theoretically as being 76 (p. 16). Fig. 6 represents 
the form of apparatus, which consists of a flask with two tubulures, 
in one of which a thermometer is fixed, and over the other is placed 
a ground-glass cap. 

The investigations of Baterno and others show, (iontrary to earlier Fig. O. 
observations, that when benzene is employ^ as the solvent the 
carbon derivatives mostly yield normal results ; the exceptions being the 
alcohols, phenols, acids, oximes, and pyrrole (B. 22 , 1430 and Z. ph3rs. Ch. 6, 94 ; 
B. 27 , R. 845 ; 28 , R. 974). 

TOL. I. • 
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Naphthalene may also be used for determinations of this kind ; van Hoff 
gives' its depression constant as being about 70 (B. 22 , 2501 ; 23 , R. i ; 24 , 

1431)- 

Consult B. 28 , 804 for a method of determining molecular weights from the 
decrease in 'solubility. ^ ^ 

For the determination of molecular weight from molecular solutitn-volume, see 
B. 29 , T023. 

THE CHEMICAL CONSTITUTION OP THE CARBON COMPOUNDS • 

Early Theories. — ^pThe opinion that the cause of chemical affinity resided in elec- 
t laical force^ was first expressed in the* commencement of .the last century, when the 
remarkable decompositions of chemical bodies through the agency of the electric 
current were discovered! It was assumed that the elementary atoms possessed 
difierent electrical polarities, and that the elements were arranged in a series accord- 
ing to their electrical behaviour. Chemical union depended on the equalization of 
different electricities. The dualistic idea of the constitution of. compounds was 
a necessary consequence of this hypothesis. According to it, every chemical 
compound was composed of two groups, electrically different, and these were 
further made up of two different groups or elements. Thus, salts were viewed 
as combinations of electro-positive bases (metrllic oxides), with electro-negative 
acids (acid anhydrides), and these, in turn, were held to be binary compounds of 
oxygen with metals and non-metals. With this as basis there was constructed 
the electro-chemical, dualistic theory of Berzelius, which almost exclusively domi- 
dated chemical science in Germany until the beginning of i860. 

The principles predominating in inorganic chemistry were also applied ^o 
organic substances. It was thought that in the latter complex groups (radicals) 
played the .same role as that of the elements in inorganic chemistry. Organic 
chemistry was defined as the chemistry of the compouitl radicals {Liebig, 1832), 
and led to the chemical-radical theory, which flourished in Germary simultaneously 
with the electro-chemical theory. According to this view, the object of organic 
chemistry was the investigation and isolation of radicals, in the sense of the 
dualistic idea, as the more intimate components of the organic compounds, and 
by this means they sought to explain the constitution of the latter. {Liebig 
and Wohler, Ueber das Radical der Benzoesiiure, A. 3 , 249 ; Bunsen, Ueber die 
Kakodylverbindungcn, A. 31 , 175 : 37 , r ; 42 , 14 ; 46 , i.) . 

In the meantime, about 1830, France contributed facts not iv harmony with 
the electro-chemical, dualistic theory. It had been found that the hydrogen in 
organic \iompounds could ^}e replaced (substituted) by chlorine and bromine, 
without any important change in thg character of the compounds. To®the electro- 
negative halogens was ascribed a chemical function similar to ‘electro-positive 
hydrogen. This showed the electro-chemical hypothesis tq be erroneous. 
The dualistic idea was superseded by a unitary theory. Laying aside all the 
primitive speculations on the nature of chemical affinity, the chemical compounds 
began to be looked upon as» being constituted in accordance with definite funda- 
mental forms-Hy/)tfs — in which the individual^elements could bo replaced by 
others (early type tfieor^ of Di^mas, nucleus theory of Laurent ) . Dumas, however, 
distinguished between cHemical types and mechanical types. He considered 
substances to have the same chemical type, to be of the same species, when they 
po.ssessed the same fundamental properties, e.g. acetic and chloracetic acids. 
Like Regnault, he considered trat tLey wore of the same mechanical type, belonged 
to the same natural family, when they were related in structure but showed 
a different chemical character,*''^.g. alcohol and acetic acid. At the same time, the 
dualistic view on the pre-existerci of radicals was Refuted. 

The correct establishment of the ideas of equivalent, atom, and molecule (Laurent 
and Gerhardt) was an important consequence of the typical unitary idea of 
chemical compounds. By means of it a correct foundation was laid for further 
generalization. The molecule having been accepted as a chemical unit, the 
study of the grouping of atoms in the molecule became possible, and chemical 
constitution could again be more closely examined. The investigation of the 
reactions of double decomposition, whereby single atomic groups (radicals or' 
residues) were preserved and could be exchanged (Gerhardt ) ; the important 
discoveries of the amines or j^ubstituted ^mmonias by Wurtz (1849). and Hofmann 
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(1849) ; the epoch-making researches of Williamson and Chancel (1850). upon 
the composition of ethers ; and the discovery of acid-forming oxides by Gerhardt 
(1851), — ^led to a ** type '* explanation of the individual classes of compounds. 
Williamson referred the alcohols and ethers to the water type. A, W, Hofmann 
deduced the substituted ammonias^from ammonia. The ** type " idea found 
its culminatidh in the type theory of Gerhardt (1853), which was nothing more than 
an amalga m ation of the early type or substitution theory of Dumas and Laurent 
with the radical theory of Berzelius and Liebig, ^ The molecule was its basis, in 
^which a further grouping of atoms was assunled. The conception of radicals 
became different; they were no lAiger regarded as atomic groups that could 
be isolated and compared with elements, but as molecular residues which remained 
unaltered in certain reactions. ^ ^ 

Comparing the carbon compounds with the simplest inorganic derivative;^. 
Gerhardt referred them to the following principal fundamental forms or 
types. ^ *■ 

H, Cl} , 


H/ 

Hydrog^e. 


Hi 

Hydrogen 

Chloride. 


Water. 


Hi 

Ammonia. 


From these they could be obtained by substituting the compound radicals 
for hydrogen atoms. All compounds that could be viewed as consisting of two 
directly combined groups were referred to the hydrogen and hydrogen chloride 


types, e.g. : 

C.H ,1 

C.H,) 

t 

tNl 

C,Ha 


. H/* 

Cl/ . 

h/ 

CN/ 

• Cl/ 

Ethyl 

Ethyl 

Chloride. 

Cyanogen 

Hydride. 

Ethyl 

Acetyl 

Hydride. 

Cyanide. 

Chloride. 


It was customary to refer all those bodies derivable from water by the replace- 
ment of hydrogefl, to the water type : 



Alcohol. Acetic Arid. 


C.H,. 
C,HJ 

Ethyl Ether. 


^[0 


C,H, 01 o 

C,H,0/0 . 

Acetic Anhydride. 


• • 

Associated types were included with the principaJh types. Thus, with the 

fundamental typo jj | were arranged, as subordinates, thg types ; with 

the water type that of JJjS, etc. • 

All derivatives of ammonia were referred to*the ammonia type : 


CH,| 

CH, 

C,H, 0 ) 

h}n 

CH, N 

hJn 

h) 

CHsI 

h) • 

Mcthyl-amlne. 

Trimethyl-^mine. 

Acetamide. 



Cyanic Acid. 


The types of Gerhardt were chemical types, as he hflnself expresses it : Mes 
types sont dcs types de double d6composition.'* It is thus understood that he 

included the type with that of * a ^ 

These types no longer possessed their early restricted meaning. Sometimes 
a compound was referred to different types, aetbrding to the transpositions 
the formula was intended to exjpress. Thus ald«lh3pde was referred to the hydrogen 
or water type ; cyanic acid to the water or ammonia type : 


and > and > 

• 

The development of the viesi polyatomic radicals, the knowledge that the 
"hydrogen of carbon radicals could be replaced by the groups OH and NH^, etc., 
contributed to the further establishment of multiple and mixed types {y\^i(liamsone 
Odlind, Kekuii^ : 
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The presentation of these multiple anU mixed types depended on the polyatomic 
radicals of two or more type-molecules, M one may so name them, becoming united 
into bnv'wh^le — a molecule. Upon comparing these typical with the structural 
formulae employed at present, we observe that the first constitute the transitional 
state from the empirical, unitary formulae to those of the present day. The latter 
aim to express the kind of grouping of the atoms in the molecule. 

The next step was the expansion of the Gerhardt typo to the — 

Marsh-gas type ^ ^ KekuU, 185G (A. 101 , 204). 

H 


, Recent Views. — A year later Kekuli (1857) in a communication, "Ueber 
die sog. gepaarten Verbindungen und die Theorie der mehratomigen Radidhle" 
(A. 104 , 129), indicated the idea of types by the assumption of a peculiar function 
of the atoms — their atomicity or basicity (valence). This he supposed to be the 
cause of Qie types of Gerhardt, • 

As early as 1852 Frankland hac\ enunciated similar views in regard to the 
elements of the nitrogen group (A. 8d, 329 ; 101 , 257 ; Frankland*, Experimental 
Reseaches in Pure, Applied, and Physical Chemistry, London^ 1871, p. 147). 
Kolbe concurred with these ideas (compare his derivation of the organic com- 
pounds from the radical carbonyl C, and carbon dioxide C,04 — Kolbe* s Lehrbuch 
^ der organischen Chemie, 18^8, Bd. I. p. 567). The reason that they did not 
exert greater influence upon the development of^theoretical chemistry is mainly 
'due to the fact that* the iiotion,*^ of the relations of equivalent weight and atomic 
weight were not clearly defined by either of these two investigators. 

In his assumptions rather returned to Dumas* mechanical types than 

to the double decomposition ^lypes of GerXardt, The distinction between the 

type and as drawn hySJerXdrdt did not exist for Kehule, The lattor, in 

1855, said, " It is necessary irf explaining the properties of chemical compounds 
to go back to the elements whjf^lCcompose these bsompounds.'* He continues : 

*' 1 do not regard it as the chief aim of our time to detect atomic groups which, 
owing to certain properties, may be consider^ radicals and thus to include the 
compounds under certain types, which in this way have scarcely any other signi- 
ficance than that of type or example formula. 1 am rather of the opinion that 
the generalization should be ev&tended to the constitution of the radicals them- 
selves, to the determination of the relation of the elements among themselves, 
and thus to deduce from the nature of the elements both the nature of the radicals'^ 
ftad that of their compounds (A. 106 , 136). 

The recognition of the qnbdrivalence^f the carbon atoms and the power they ' 
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possessed of combining with each other, accounted for the existence and the 
combining value of radicals ; also, for their constitution (Kekule, l.c,, and Comper, 
A. ch. phys. [3] 58» 469). The type theory, consequently, is not, as sometimes 
declared, laid aside as erroneous ; it has only found generalization and ampli- 
fication in a broader principle — ^th% extension of the valence theory of KekuU 
and Qoupef to the derivatives of carbon. 

Whilst formerly it was the custom to considcrin addition to empirical formulae, 
representing merely an atomic composition of {ne molecule, also raiional formulae 
^ {Berzelius) t which in reality were nothing more than reaction formulae adopted 
* to explain to a certain degree the chemical behaviour of derivatives of carbon^ 
KekuU now spoke of the manner of the union of the aioms in the fnolecule, by know- 
ledge of which the constitution of the carbon compounds may be determined 
{constitutional formulaty* Lothar Meyer next introduced the phras# 0/ 
the carbon atoms,*’ The expression structure {structural formula) originated wfth 
Butler ow. 

An application of the valency theory, whiclf has been remarkably fruitful, is 
the Kehute benzene theory. Here for fhe first time thefe was assumed to be present 
in a carbon comrjv^und a closed carbon-chain, a ring ednsisting of six carbon atoms. 
The rather singular stability of the aromatic bodies is due to the presence of this 
benzene ring.” Korner applied these views to pyridine and deduced the pyridine 
ring ; and in recent years numerous other ring-systems have been suggested and 
substantiated. 




Theory of Chemical Structure of Carbon Compounds. Theo^^f 
Atomio linking, or the Structural Theory. * ^ 

Constitutional or structural formulae are based upon the following 
principles, wliich have been deduced from experiment and repeatedly 
confirmed : — • • 

I. The ewfbon atom is quadrivalent. The position of carbon in the 
periodic system gives expression to this fact. One carbon atom can 
combirfis at the most with four similar or dissimilar univalent atpms or 
atomic groups : 

• CH4 CF4 CCI4 

Methane. Carbon Telrafluoride. Carbon Tctrachlorida. 


CHjCl CHaNlIa CHXla CHCl^ 

Methyj^Cbiomde. Mctbylaniine. DichloroAetbane. Chloroform. 

In a few compounds, such as carbon monoxide CO, the isonitriles or carbyl- 
amines R'— N =aC fA.^70, 267) ; and fulminic acid HO— N =C (A. 280, 303) carbon 
behaves as a bivalent element. 


% 

2 , The Jk)uy units of affmity of carbon are equal, no differences 
can be discovered in them when they forn>copi]^ounds. If one of the 
four hydrogen atoms in the simplest hydrocarbon, CH4, be replaced 
by a univalent atom or univalent atomic group, each mono-substitution 
product will appear in but onet modification. The four hydrogen 
atoms are similarly combined, consequently it is immaterial which of 
them is replaced. ^ ^ ^ • 

CH,a CH,OH CH,NH, 

ChloromethaneJ Methyl Alcohol. MethylamJne. 


are known in but one modification each (p. 29). 

3. The carbon atoms can unite with earn other. When two carbon 
i atoms combine the union can occur in three ways : 

(a) The two carbon atoms unite with a single valence each, leaving 
the atomic group, sC— Cs, withgsix free valences. 
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f 

(6) The two carbon atoms unite with two valences each, constitu- 
ting an atomic group, =C=C=, with four free valences. 

(r) Two carbon atoms are united by three valences. The residual 
group— C=C— has but two uncombined valences. 

In the first case the union of the two carbon atoms is Single, in the 
second case double, and in( the third case triple. Carbon atoms can 
combine with themselves to- a greater degree than the atoms of any 
other elements. This gives rise to carbon nuclei, and carbon skeletons,' 
which form either open or closed chains or rings. The uncombined 
valences of the Citrbon nuclei can saturate or takemp atoms of other 
ejements br other atomic groups. This explain^ the existence of the 
innumerable carbon compounds. 

This mutual union is indicated, according to the recommendation 
of Couper, by lines. These formulae represent the internal construction 
of the compounds, and are known as structural formutee : 


H 

H OH 

1 1 

H H N”" 

1 ! 1 ^ 

1 

H~C— H 

1 

1 i 

H— C— C—H 

1 , 

1 1 1 
H— C-C— C 

1 1 1 

1 

H 

1 1 

H H 1 

1 1 1 

H H H 

^Methane. 

Ethyl Alcohol. 

Propylamine. 

H 

1 

H OH 

1 1 

' H OH OH 

1 1 1 

c=-o 

1 

1 1 

H— C— C =0 

1 

1 \ ' 

1 

H 

^ 1 

H 

' 1 

H 

Formaldehyde. 

Acetic Acid. 

Lactic Acid. 


Such structural formulcC have been deduced, by the help of tho; valency 
theory', from reactions which result in the building up and the breaking down 
of carbon compounds. They express clearly the relations between the bonds, 
which, in the main, determine the behaviour of the substance. Those atoms 
within the molecule which are bound most directly to each othjsr exercise the 
greatest influence on one another. But it must not be supposed that atoms; 
unconneoied directly by bonds, exert no mutual influence ; such structural 
formulae give no information of their relative distances apart in space. In the 
study of reactions where halogen atoms are substituted for hydrogen in the 
molecule, it is immediately apparent that such replacemi?nt takes place with 
varying facility. This is specially obvious in the case of the aromatic substances 
(see Volume 11 ). Further, the carboxyl group reacts with different degrees of 
^acidity varying with the, individual acid. Reactions, in which the loss of some 
atoms causes a amgle bond to become a multiplecone, or the formainon of a ring 
■complex, and where inira-molecular atomic migration (sec p. 30) takes place, 
obviously depend on the mutual influence of atoms unconnected directly by 
bonds, as shown in the structural formulae. 

Kekides valency theory explains clearly the function of the main bonds in 
our structural formulae, but t|,oes <*iot d-ad with the subsidiary action of the 
various atoms on one another in the molecule. And yet one cannot go so far 
as to say that in each atomic v:onstcllation which constitutes a molecule, every 
atom exerts a chemical influenc^^ every other. <dlut so much can be asserted, 
that each atom contained in the molecule of a chemicad compound is bound to 
each other atom in that molecule. To illustirate such attractions diagrammati- 
cally, it would be necessary to draw a network of interatomic bonds in every 
atomic formula. The greater or lesser strength of the bond could be indicated 
by a thicker or finer line. If such a diagram were examined at a certain distance, 
onfy the thick lines — Bonds of the First Order — ^would be seen clearly, i.e. practi- 
cally the same in appearance as the structural formula ordinarily represented. 

In many cases it can be deduced from the behaviour of the substance that 
the Bonds of the Second Order exert an ^uence of negligible strength. 
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An external sigti of the presence of such subsidiary valency — ^bonds of appreci- 
able influence — is found in the absence of such chemical reactions as might be 
expected to take place by analogy with others. Another exists in the relsftive 
ease with which a group of atoms can be split ofi, which indicates the pre- 
existence in the original molecule of such a group held together by these 
second-ordei^bonds. 

Saturated and Unsaturated Gompounds . — Saturated carbon com- 
pounds are those in which only singly, bound carbon atoms occur. 
They cannot be united by mmie valences unless the carbon chain is 
broken up. Unsaturated compounds are those in which doubly or 
triply bound cartoon atoms exist. As a single union is sufficient to 
link carbon atoms together, a pair of carbon atoms with double union 
can take up two additional valence units, if one* of the double bonds 
becomes broken, for this purpose, leaving. the other to avoid destruc- 
tion of the chain, e.g . ; • . • 

H 


H— C— H H— O-H 

II +211= ! 

H--G— H H— C— H 

Ethylene. • I 

• H 

Ethane. 

Two carbon atoms, trebly linked, can take up four valences. The 
dissolution of the triple union may proceed step by step, whereby it 
may first be changed to a double linkage and then to a simple union : 

H 




C— H 2H H— C— H 2H H— (L-H 

III ^ II I 

C— H H— C— H H— C— H 


, The unsaturated compounds, by the breaking* down of thqjr double 
and triple unions and the addition of two* or four univalent atoms, 
pass into saturated compounds. • 

• • 

This same behaviour is observed with many other compounds containmg 
carbon and oxygen, doubly combined, =0=0 (aldehydes and ketones) or double 
and triple union of carbon and nitrogen, =C=N‘-C~N (acid nitriles, imides. 
oximes). They are in the same sense unsaturated ; by the breaking down ox 
their double or triple union they change to saturated* confpounds in which the 
polyvalent atoms arc linked by a single bond to each\)ther ; 

H H ' 

H-C=0 I . . • I 

I H— C— OH I H— C— NHj 

H— C— H + 2H = I H.-C— H + 4H - I 

I H— C-^H , I 

k I * * • H I 

H H 

Acetaldehyde. Ethyl Alcohol. Acetonitrile. Ethylamine. 

A second class of unsaturated carbon compounds exists, where the carbon 
atom itself and alone must be looked on as being unsatura ted . (A . 298, 202 .) For 
example : 

=C=0 =C=N.C,H, =C=N.OH 


Carbea 

Mono^'ide. 


=C=N.C,H, 
Ethyl CarbyUmiae 
and bonM^gues. 


Fuiminic Acid. 
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Badioals, Residues, Groups. — The assumption of the existence 
of fadicals, capable of existing alone and playing a special r6le in mole- 
cules, has long been abandoned (B. 35, 1196). The structural formulae 
assign no, especially favourable, position to one atom over another in 
the molecule. Radicals are atomic groups, chiefly those cont^iining 
carbon, which in many reactions remain unaltered and pass from one 
compound into another without change. In this category must also 
be included the uni-, di-, tri-, and polyvalent atomic complexes, which* 
remain when at^ms or atomic groups are imagined to be removed from 
saturated bodies.^ By such gradual abstraction of Iiydrogen, methane 
yields therfollowing radicals, having different valences : — 

CH4 — CHa =CH, SCH 

Methane, Methylene, Metbenyl or Methine, 

saturated. univaTtent ivdical. divalent radical. tiivalent radical. 

If such radicals are isolated from existing compounds, e,g. the 
halogen derivatives, then two of them unite to form a molecule : 

CH,I CHo 

-f 2Na«— I + 2NaI 
CH,1 pi, 

Cl-Igla 

+ 4Cu= il +2CUa]j5 
CHJg CHa 

CH 

■f6Na=ll| -h6NaCl' 

CHCI3 CH 

jii 

Or, an atomic rearrangement may occur with the production of a 
molecule of the same number of carbon atoms : 

CHClj CHa CH= 

+ 2Na =11 -}- 2NaCl and not I 

CHa CHa CHa • 

The expressions residue and group are similar to radical. They 

are chiefly applied to inorganic radicals, e,g , : 

*’ I 

— OH water residue or Hydroxyl group, 

— SH hydrogen sulphide residue or Hydrosulphide group, 

— NH, ammonia residue or Amido group, 

=NfI Imido group, ^ 

' —NO 2 Jfttrogpoup, 

— ^NO Nitroso group. 

Homologous and Isologous Series, — Schiel, in 1842 (A. 48 , 107 ; 110 , 141), 
directed attention to the phenoiSiendii of Kbmology, giving as evidence the alcohol 
radicals, and was followed sho^ly after by Dumas, who observed it in the fatty 
acidr. Gerhardl introduced the terms homologous and isologous series, and showed 
the rdle these series played in th£* classifleation di the carbon derivatives. It 
was the theory of atomic linking that first disclosed the cause of homology. 

The different kinds of linkages between the carbon atoms shows 
itself most plainly among iftie hydrocarbons. By removing one atom 
ot hydrogen from the simplest hydrocafirbon, methane, CH4, the remaining 
univalent group, CHa, ^^.n combine with another, yielding CHg— 
or C^He, ethane or (hmethyl. Herf^ again« a hydrogen atom may be 
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replaced by the gfoup CHj, resulting in the compound CHj — CH2~CHs, 
pfopane. The structure of these derivatives may be more clearly 
represented graphically : * 


H 

•I 

H— O— H 

I 

H 

CH4 


H I€ 

I I 

H— C-C- 
I I 
H H 

c.if. 


-H 


H H H 

I I I 

^ H— C— C— C~ 
• III 

H H H 


-H. etc. 


By continuing .^this chain-like unipn of the caj^bon atoms, there 
arises an entire series ’of hydrocarbons : . • • 


CH,— CHs— CHa— CH, 


CH,— CH.,— Clf,— CH,— CH,. etc. 


• • 

Such a serks of bodies of similar chemical structure and corre- 
sponding in chemical characters is known as a homologous series. 

The composition of such an homologous series can be expressed by 
a general empirical or rational formula. The series formula for the 
marsh gas or methane hydrocarbonf^ is C„H2„+2. 

Each member differs from tl\e one immediately preceding and the . 
one following by CH2. Tlie phenomenon of homology ij therefofC 
due to the linking power of the quadrivalent carbon atoms. 

On the configuration of the carbon chain, see C. 1900, II. 28, 664, 
1256, and Volume II*, Cycloparaffins. 

In addition to the homologous series of the saturated marsh-gas 
type, there are a large number of other such series, of which the simplest 
are tho^e of the monohydroxy-alcohols, the aldehydes and mono- 
carboxylic acids. • 


• CnH2n+20 

CH4O Methyl Alcohol 
jHjO EthyUVlcohol 
«H ,0 Propyl Alcohol 
CjilioO Bi^^yl Alcohol 
etc. 


C„H2nO 

CHjO Formaldehyde 
C2H4O Acetaldehyde 
CjHeO Propionaldehyde 
C4H8O Butyraldehydc# 
etc. • 


CfiHjnO* • 

CHgOa Formic Acid 
CJH4O2 Acetic Acid 
'CjHgOj Propmnic Acid 
C4H8O2 Butync Acid 
etc. 


Carbon compounds, chemically similar, but differing from each other in com- 
position by a difference other than viCHg, e.g, the saturated and unsaturated 
hydrocarbons, form isologous series, according to Gerhardt : 


CgH. C9H4 C«Ha* 

CbH; .C3H2 C3H4 

iBomerism ; Folymerism ; Metamerism; Chain or Nuclens Iso- 
merism ; Position or Place Isomerism. — Jhe view once prevailed 
that bodies of different properties*mu^ necessarily possess a (Efferent 
composition. The first hy(lrocarbons sho^ng that this opinion was 
erroneous were discoverediin 1820. ^ ^ • 


Liebig, in 1823, demonstrated that silver cyanate and fulminate were identical. 
In 1828 Wohler changed ammonium cyanate to urea, and in 1830 Berzelius estab- 
lished the similarity of tartaric acid and racemic aci(l. 


m 

Berzelius, in 1830, designated as isomers (iro/upijs, compb^ of 
nmi]^ parts) bodies of similar composition but different in properties. 
A yw later he distinguished two kinds of isomerism, viz. : isomerism of 
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bodies of different molecular mass — polymerism; add bodies o£ like 
mplecular mass — metamerism. 

Numerous isomeric carbon derivatives were discovered in rapid 
succession ; hence, an answer to the <^uestion as to what causes iso- 
meric phenomena acquired importance for the development of organic 
chemistry. The deeper insjght into the structure of carbon compounds, 
which was gradually attained, gave rise in consequence to a further 
division of metameric phenomena. t • 

The expre^on metamerism was employed to designate that kind of 
isomerism which»|js due to the )iomology of radicals held in combina- 
tion by atoms of higher valence. If the homologous radicals are 
joined by polyvalent* elements, then those compounds are metameric, 
in which the sum of the ^ilements contained in the radicals is the 
same (H may be viewed as ihe simplest radical) : 


C2H5'Io 

111 ^ 

Ethyl AlLohol. 

C,II, 

HI 

Propyl Ah-oliol. 

cji.i 

u'n 

Hi 

Ethylamu'.c*. 


C>H,| 

H N 

hI 

Propylamine. 


is metameric with 


is metameric with 


is metameric with 


is metameric with 


C2H5 

CH, 

H| 

Ethyl Methyl- 


N 


CH3\o 

cH,r 

Methyl Ether. 

C,H.| 

r 

CH.) 

Ethyl-Mclhyl 

Ether. 

CH, 

CH, 

H 

Ditiethylamine. 

^ CH, 

and CH, N 


ClI, 
Triineih]5- 

amine. 


The constitution of the radicals in this division was disregafded, 
the type formulae were sufficiently explanatory. We h{»ve recognized 
the power of the quadrivalent carbon atoms to unite in a chain-lijee 
manner as the cause of lfbmolo|;y, and to this cause may be^ttributed 
other phenomena of isomerism, which arc not properly included under 
metamerism. • t 

In deducing the formulae of the five simplest hydrocarbons of the 
homologous series formula for ethane, CH3.CH3, was 

developed from that of methane, CH4, and tliat of propane OH3.CH2.CH3 
from the formula of St|;iane C2H«. In the case of propane intermediate 
and terminal carbon atoms are distinguished. The former are attached 
on either side to two other carbon atoms, still possessing two valency 
units which are saturated by twb hydrogen atoms. The terminal 
carbon atoms of the chaii> are linked to three hydrogen atoms. 

* With the next member of ^he series we o^erve a difference. Above 
(p. 24), the fact that a hydrogen of the terminal methyl group of 
propane was replaced by methyl was the only condition considered. 
This led to the formula CH3.CH2.CH2.CH3. However, the CH8-group 
might replace a hydrogen atom of the intermediate CH2-group, and 
' CH,.CH.CH, 

then the result would be the formula f . In this hydro- 

carbon there is a branched carboxi chain. The hydrocarbon with a 

I • 
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continuous chain is termed normal butane ; its isomer is isobutane, 
i.e. isomeric butane. ^ 

Theoretically, by a similar deduction, the two butanes 


CHa—CH,— CH,-^CHj 
Normal Butane. . 


/;h,ch(chj. 

Isobutane. 


yield three isomeric pentanes wliich are actually known. 


CH,.CHa.CHa.CH,.CHa 

Normal Perituue. * . • 


CH,.CH.CIJs.CH, 

([h. 

Isopentane. 


✓ H 


CH, 
,c— i— CH, 


•CH, *, 

Pseudopentane 
Tetramethyl Methane. 


The number, of possible isomers increaSes rapidly with the increase 
in carbon atoms (B. 27 , R. 725 ; 33 , 2131). 

The origin of isomerism in the homologous paraffins, as in so many 
other cases, is the different constitution of the carbon chain. The 
isomerism caused by a difference in linking, by the different structure 
of the carbon nucleus or the carbon*chain, is termed nucleus or chain 
isomerism. * ^ 

, The investigation of the substitution products of the paraflufByBro- 
carbons brings to light another kind of isomerisni. The principle of 
similarity of the four valences of a carbon atom (p. 21) renders logical 
and possible but one monochloro-substitution product of methane and 
ethane. The same consideration wliich heretofore recognized the 
possibility of two methyl substitution products of propane (the two 
butanes^possible by theory) leads to the possibility of two monoc)?loro- 
propanes, dependent upon whether the chlorine atom has replaced the 
hydrogen of a terminal or intermediate carbon atom : • 


• cb,.CH,.CH,Cl CHa.CHCl.CH, 

• Normal Propyl Chloride. Isopropyl Chloride. ^ 

If two hydrogen atoms of one of *111^ carbon atoms of propane 
be replaced by aiP oxygen atom, the following case of isomerism 
arises : 


CHa.CHa.CHO CHa.CO.CH, 

t Propyl Aldehyde. • Acetone. ^ * 

• • • 
In the case of the two known chloropro^)anes, and also in the case 
of propyl aldehyde and acetone, the cause of the isomerism is not due 
to difference in constitution of the carbon ^chain, but to the different 
position of the chlorine atoms witli re^reribe to the oxygen atoms of 
the same carbon chain. Isomerism, induced by the different arrange- 
ment or position of the sutetituting elements in the same carbon chmn, 
is designated isomerism of place or position. 

The intimate relationship of the two varieties of isomerism is appa- 
rent from the derivation of the ideas of nucleus or chain isomerism and 
place or position isomerism. ® 

Becent Views on * the Structural Theory. — The theory of 
atomic linking not only revealed an insight into the causes of the 
innumerable isomeric phenomena^ but predicted unknora instances 
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and determined their number in a very definite manner. In many 
isomeric modifications, possible by theory, were discovered at a 
later period. For certain isomers, however, at first few in numter, 
the structural formulas deduced from their S5mthetic and analytical 
reactions were insufficieilt, inasmuch as different compound^ were 
known, to which the san"^ structural formula could be given. The 
greatest similarity in reactions indicative of the structure was com- 
bined with complete difference in physical properties of the com* 
pounds belonging in this class. The tendency at first was to designate 
such bodies pJt^sical isomers, meaning thereby ^ an aggregation of 
varying complexes of chemically similar molecfifes. 

The following groups of such isomers have been well investigated : 

^ HO-HCCOgH 

I. The four symmelrica} dihydroxysuccinic acids : \ , the 

•HC'> 00 

ordinary or dextro-tartaric acid, and racemic acid, which were proved 
to be isomeric in 1830 by Berzelius (see p. 25), and laevo- tartaric and 
tlie inactive or meso-tartaric acids which were added later, through 
Pasteur* s classic researches. 

* CH.CO,H 

^ 2. The two symmetrical ethylent-dicarhoxylic acids : || , fu- 

malic and maleic acid. CH.COjH 

3. The three a-hydroxypropionic acids: CH3.CH(0H).C02Hf — 

inactive lactic acid of fermentation, sarcolactic acid, and Isevo-lactic 
acid, which was added later. • 

Substances are included among these compounds, which when 
liquefied, either by fusion or solution, rotate the plane of polarization 
either to the right or left. The direction of deviation is indit:ated by 
prefixing “ dextro or “ laevo ” to the name of the bodies thus acting. 
Such carbon compounds are optically active " (p. 54), inr contra- 
distinction to the other almost innumerable derivatives \yj^^ch exert no 
influence on polarized light and are “ optically inactive ” or “inactive^ * 
A direct synthesis oi optically active carbon compounds has ribt 
yet been achieved [see asymmotric S3mthesis, p. 55), although optically 
inactive bodies have been synthesized. Pasteur discoyered methock 
by means of which the latter can be resolved into their components, 
which rotate the plane ^ of polarization to an equiil degree but in 
opposite directions. Upon splitting sodium-ammonium i^cemate into 
so^um-ammonium Icevo- and dextro-tartrates, Pasteur observed that 
the crystals of these salts showed hemihedrism ; that they were as an 
object to its mirror-image ; and that equally long columns of equally 
concentrated solutions of these, salt^ at the same temperature, deviated 
the plane of polarized ligbSt to an equal degree in opposite directions. 

i860 Pasteur expressed himi||elf as follows up^ the cause of these phenomena 
— ^upon molecular asymmet^ : Are the atoms of the dextro-acid grouped in the 
form of a right-handed spiral, or are they arranged at the angles of an irregular 
tetrahedron, or are they distributed according to some other asymmetric arrange 
ment ? We know not. Undoubtedly, however, we have to do with an asymmetric 
arrangement, the images of which cannot mutually cover each other. It is not 
pllbss certain that the atoms of the Isvo-acid are arranged in opposite order.*' In 
/. IVtslicenus added the following comment* to the evidence of similar 
structure in the optically inactive lactic acid of fermentation and the optically 
. nctiVB sarcolactic acid : ** Facts compel ns to explain the difference of ispmeric 
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inolecules of like structural formula by a difference in arrangement of the atoms 
in space.*' How the space configuration of the molecules of carbon compounds 
was to be represented was answered almost simultaneously and independently*of 
each other by van *t Hoff zxid. Le Bel (1874) (B. 26 , R. 36), by the introduction 
of the hypothesis of the asymmetric earbon atom. . This hypothesis is the basis 
of the chemistfy of space or stereo-chemistry of the Arbon atom. 


The h]^othe8i8 of an a8]rmmetric carbon atom * is designed to 
fixplain optical activity and the? isomerism of optically active carbon 
compounds. ^ 

Whilst the theoi;y of atomic linkage abstains fron^any representa- 
tion of the spacial arrangement of the atoms in a molecule, experience 
gathered from the investigation of simple carbOft compounds shows 
that definite spacial relations do not harmonize with actual facts. 


Assuming that the four valences* of a carbon atom act in a plane and 
in perpendicular directions upon each other, the following possible 


isomers for methane are evident : — 


No isomers of the types CHgR^ and CH(R^)3 

Two „ „ „ CH2(B^)2, CH2R1R^ CHRa(Ri)2, 

Three „ „ „ CHR^R^R^. 

• Methylene iodide, for example, should appear in two isomeric modifications 
H H 

I— C— I and H— -C— > 


However, two isomers of a single disubstitution product of 
methane have never been found ; consequently, it is very improbable 
that the foui; affinities of a carbon atom are disposed in the manner 
ifidicated above. The carbon atom models of Kekuli represent the 
c^bon atpm as a black sphere and the quadrivalence of it ^y four 
needles of equal length and firmly a>ttached to the sphere, which 
Baeyer has cabled aoces. These needles are not perpendicular to each , 
other, nor do they lie in the same plane, but are so arranged that 
planes placed about their terminals produce a regular tetrahedron 
, (Z. f. Ch. N. F. 3, 216^. Van H Hoff's generalizatjpns are based •> 
upon this model, about which fundamental considera^ons will be more-» 
fully developed in the following pages. * * 

On the assumption that the ‘affinities of a carbon atom are directed 
towards the summits of a regular t^etral^edren, in the centre of which is 
the carbon atom, there would be no imaginable isomers coinciding 

* Pasteur : Recherches sui^a dissym^trie n\plgculaires des prodnits organi^ues 
naturels. Lemons de chimic professles en i860. Paris, 1861. Vgl. Ostwald's 
Klassiker der exacten Wissenschaften, Nr. 28 : Ueber die Asymmetrie bei . 
natiirlich vorkommenden organischen Verbindungen, von Pasteur. Uebersetzt 
und herausgegeben von M. und A. Ladenburg. J. H. van *t Hoff : Dbc aim6es 
dans rhistoire d'une th^orie, 1887. K. Auwers ;iiDie Entwickclung der Stereo- 
chemie, Heidelberg, 1890. A. Hantzsch : Grundriss der Stereochemie, Breslau, 
1893. C. A. Bischoff : Handbuch der Stereochemie, 1893, together with, 
Materialien der Stereochemie, 1904. Werner : Lehrbuch < der Stereochemie, 
» 9 «> 4 * 
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withrCH2(R')2, CHaR^R®, CHR®(Ri)2, but a casesuch asCHR^R^R* or 
the more general CR^R*R®R* — ^an isomeric phenomenon of peculiar 
nature — might be predicted. A carbon atom of this description— one 
that is connected with four different univalent atoms or atomic ^oups 
— van H Hoff has designated an asymmetric carbon atom, jSroposing to 
represent it by an italic?. C. It is often indicated by a small 
star. 

If a compound contains an asymmetric carbon atom we can* 
conceive* of its e^xistence in two isomeric modifications, the one being 
an image of the bther : ^ « 



* ^ These spacial arrangements are more fully understood by the aid of the models 
siigg»tst/?d hY KekuU, van ’t llojf, and others, than by their projection upon the flat 
surface of paper. Van 7 Hoff introduced tetrahedron models in which the solid 
angles were coloured ; this was to represent and indicate different radicals. They 
lack this advantage, possessed by the KekuU model, that the carbon atom has 
entirely disappeared from the model. It must be imagined as being in the centre 
of the tetrahedton, and in |^*ojections of these models (see above) the radicals are 
united to eac^ other by lines, the latter, however, not in any sense representing 
a chemical union. 

• 

In the left tetrahedron the successive series R^R*R* proceeds in a 
difection directly opposite to that of the hand of a watch, whilst in 
the right tetrahedron the course coincides with that of the hand. The 
two figures cannot, «by rotation, be by any means brought into the 
same position, — that is, in a position to cover each other completely 
any more than the left hand ran be made to cover thp right, or a 
picture its image or reflection. . 

The iBomerism of Optically Active Carbon Com^ionuds. — The 
cause oi optical activity, in the opinion of van 't Hoff and of Le 
rBel, is the presence oi one or several asymmetric carbon s^jLoms in the 
cmoiecule of every optically active body. It is obvious that two mole- 
cules which only differ* in that the series of atoms or atomic groups 
attached to an asymmetric carbon atom differ successively in order of 
arrangement, which therefore^ are identical in chemical structure, 
must be very similar in chehiical properties. However, those physical 
properties, upon which the opposite successive series of atoms or 
atomic groups in union with -asymmetric ckrbon exerts an influence, 
e.g, the power of deviating the plane of polarized light, must be equal 
in value, but opposite. The union of two molecules identical in 
structure, having equal but opposite rotatory power, gives rise to a 
fnolecule of an optically inSictive polymeric compound. 

. Compounds containing an Asymmetric Cafbon Atom. — a-Hydroxy- 
propionic acid, CHg — *CH0H.C02H, is an example of a compound 

containing one asymmetric carbon ^atom. It exists in two optically 
b r A 
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active, stracturally identical, but physically isomeric modifications, and 
one optically inactive, structurally identical polymeric form : , 



{(+) 


ff-Lactic Acid 


(-) /-Lactic Acid = ) lactic Acid of Fermentation or 
' ^ j Inactive Lactic Acid. 


The following 
atom ^ 

• Leucine . 
Malic Acid . 
Asparagine . 
Mandelic Acid 

Coniine . 


compounds aL^o contain one asymmetric carbon 

C4H,*CH(NHJC02H 

CO,H.CHa.*CH(OIl)CO,H 

CONH,CH,.*CH(NHJCO.H 

. ' CsHj.^CHQH.COjH 




Each of the preceding bodies is known in two optically activo and 
one optically inactive modifications. 

Compounds containing Two Asymmetric Carbon Atoms , — The relations 
aie more cont^Jlicated when two asymmetric carbon atoms are present. 

• The simplest case would be that in which similar groupsi are in 
union witR the two asymmetric carbon atoms. The one h^f of the 
molecule would then be constructed chemically exactly like the other 
half. The foUfr isomeric dihydroxysuccinic acids belong in this group. 
This group of tartaric acids has become of the greatest importance in 
the development of the chemistry of optically active carbon derivatives. 

They wefe the first to bfe most carefully investigjLterd chemically, ^ 
optically, and crystallographicaUy, and were cpiployed by Pasteur in ^ 
the development of methods for resolving the optically inactive com- 
pounds into their optically active components (p. 56). Their im- 
portance was further increased by thd^fact that they were brought 
into an intimate genetic relation with fumaric and maleic acids — two 
isomeric bodies which willfbe considered 41^^ the next section (p. 34)*. 

When a carbon compotind contains two asymmetric carbon atoms, 
united to similar groups, then a fourth compound becomes possible in 
addition to the three isomeric modifications which a compound con- 
taining only one asymmetric carbon atom is capable of forming. If 
the groups linked to one asymmetric carbon atom, viewed from the 
axis of union of the two asymmetric carbon atoms, show an opposite 
successive arrangement to that of the other asymmetric carbon atom, 
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an., inactive compound results, due to an intramoUcular or internri 
cop^pensation : the action due to the one asymmetric atom upon 
polarized light will be‘ cancelled by an equal but opposite action 
caused by the other asyiametric carbpn atom. 

The hypothesis of theVsymmetric carbon atom gave tae first and, 
indeed, the only satisfact^y explanatioii for the occurrence of four 
isomeric symmetrical dihydtoxysucdnic acids, which are represented 
as follows : — • • o 



(i) Deztro-tartaric Acid. (2) Lavo-tartaric Acid. (3) Inactive or Meso-tartaric Add. 

, Dextro-tartaric Acid+Lavo-tartaric Add=:(4) Racemic Acid. * 

It is seen that the two independent rotating systems are in contact 
with one another at one angle of the tetrahedrons through a single 
carbon bond. ^ ^ 

An excellent example of the formation of a meso-form during the 
purification of two optical antipodes, is supplied by laepvo-alanyl- 
dextro-alanine. It is itself optically active, but loses water, giving 
rise to the meso-form of alanine anhydride (C. 1906, Il.^sg) : 


NH, _--HN 

C- -CO^ HOOC— C • 

/\ . , . /'X /\ 

H CH, • H^,C H H CH, H3C H 

l-Alanyl-f-alanine. Meso-alaniae Anhydride. 

The possibilities of isomerism in carbon compounds containing 
more than two asymmetric carbon atoms — a condition observable with 
the polyhydric alcohols, their corresponding aldehyde alcohols, and 
ketone alcohols (the simplest sugar varieties), as well as with their 
oxidatipn products, will be more elaborately discussed under these 
several groups of compounds. 

Oeometriosl Isomerism, Stereoisomerism in the Ethylene Deriva* 
tives (Alhisomerism), — ^Two carbon atoms, singly linked to each 
6ther, whose valences are not required for mutual union, and which ^e 
united to other atoms or atomic groups, may be considered as being 
able to rotate>^dependently of e^ch other about their axis of union 
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/. Widicenw ass&mes, however, that the atoms or atomic groups 
combined with these two carbon atoms ^ercise a ** directing 
influence ” upon each other until finally the eimre system has passed 
inta the ‘'favourable configuration, ” or the ‘i^eferred position,*' It 
follows from this assumption that, in ethane «rivatives in which asym- 
metric 'carbon atoms are not present, stru/turally identical isomers 
cannot occur. When the van *t tetrahedron models are employed 
fpr demonstration the two syst^s, capable of independent rotation 
about a common axis, are found to touch one another though a single 
carbon bond situated at one of the ^gles (comp.^!ne projection- 
formula of the tartaNc acids, p. 32). . « 

A different state prevails where the carbon atoms are doubly linked. * 
The double union, according to van *t prevents a free and inde- 
pendent rotation of the two systems and %pace^isomers are possible. 
Tlie tetrahedron models represent this double union in such a 
manner that two tetrahedra have two angles in common and are in 
contact along a common edge. The frequent and notable differ- 
ences in chemical behaviour of this class of isomers are to be attri- 
buted to the greater or less spacial distance of the atomic groups, 
/which determine the chemical chsyracter. 

Comppunds having the general formulae ahC^Cah or aljP^^d^ac, 
may exist in two isomeric modifications. In one instance groups of like 
name are directed towards the same side — according to /. Wislicenus 
the “plane symmetrical configuration** — or they are directed towards 
opposite sides — -jthen they have according to \he same author the 
central or axially symmetrical configuration, Baeyer suggests for this 
form of asynunetry the term “ relative asymmetry ** in contradistinction 
to the kind of asymmetry which substances with asymmetric carbon 
atoms show ; the latter he prefers to call “ absolute asymmetry,** 

The structurally symmetrical ethylene-dicarboxylic acid is the 
most striking example of this class of isomerism. ^ It exists in two 
isoiyieric modifications, known as fumaric and maleic acids, beth of 
which havb been very carefully investigated? Maleic acid readily 
passes into an anhydride, hence the plane* symmetrical configuration is 
ascribed to it ; <fuma‘ric acid does not form an anhydride, so that the 
axial symmetrical configuration is given to it, in which the two carboxyl 
groups are as widely removed from each other as possible. In projec- 
tion formulae ^nd in structural formulae, to which tlipre^is given a 
spacial meaning, the configuration of these two acids would be 
represented in the following way : — 
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The isomerism of niesaconic and citraconic acids, {CH3)(C02H) 
*Gi=CH(C02H), is of uthe same class ; the first acid corresponds to 
fumaric acid and the sby^ond to maleic acid. Further examples of the 
class are : Xv 

Crotonic and Isocrotonic Aci ^4 . . . CHgCH : CHCO,H. * 

Angelic and Tiglic Acids . . . CH,.CH : C(CHa)CO,H. 

Oleic and Elaidic Acids . . . CgHi^CH : CH.C7H14.CO1H. 

Erucic and Brassidic Acids .... C,Hi,CH:CH. C„H„.CO,H. 

The two a-Chlorocrotonic Acids . . CHj.CH : CCl.COjH. 

•L. »» fl-Chlof'rtCrotonic Acids . . CHg.CCl : CH.COjH. 

.r’,. Tolane Bichlorides . . . C.H5CCI : CCIC4H4. 

‘ „ Dibromides . . . CgHgCBr : CPi'CgHj. 

^ o-Dinitrostilbenes .... NOgL^JCgHgCilCH : CH[i]C.H4[2]NO,. 

Cinnamic and Allocinnamic Acids . . C4H5.CH : CHCOjH. 

The two a-Bromocinnainic Acids , . C4H5.CH : CBrCOjH. 

„ „ jS-Bromocinnamic AcUs . . CgHg.CBr : CHCOjH. 

,, „ Coumaric Acids HO[2]C4H4[i]CH : GH-COgH, etc. 

Isomeric phenomena of this kind Michael designates as alio- 
isomerism, without suggestion as to its cause. When a body passes 
into a more stable modification upOii the application of heat, Michael 
prefixes “ alio ” to the name of* the more stable form ; thus, fumaric 
acid is allomaleic acid (B. 19 , 1384).- 

‘ ±nima.ric and maleic acids are placed at the head of this class of 
isomeric phenomena not only because they have been most thoroughly 
investigated, but chiefly because the two optically inactive dihydroxy- 
tartaric acids bear to tliem an intimate genetic reLition (p. 31) . KekuU 
and Anschutz showed tliat fumaric acid was converted into racemic 
acid, and maleic acid into mesotartaric acid by potassium permanganate. 
Thifi conversion harmonizes entirely with the van 7 Hctff-Le Bel 
conception of these four acids ; indeed, it might have been predicted. 
These relations will be more fully elaborated in the discussion on the 
acids. In studying maleic and the alkyl-maleic acids, it will be further 
discussed whether or not it is required by configuration that maleic 
acid and its homologucs should have a structure quite different fpom 
that of fumaric acid. The rekitions are similar in the case* of the cou- 
maric acids (Vol. II.). " 

Baeyer considers that the isomerism of the saturated or carbocyclic compounds 
bears a definite relation to the stereoisomerism of the ethylene derivatives, as will 
be more fulfy explained when the hcxahydroxyphthailic aci(^ (Vol. II.) are 
described. The sr me author maintains that the simple ring-union of carbon atoms 
viewed from a stereochcipicat standpoint has the same signification as the double 
union in open chains. Therefore, stereoisomerism in the carbon compounds 
with double union would appear merely as a special case of isomerism in simple 
ring-unions. Baumann applied tj^is id^a to saturated heterocyclic compounds^ 
to the polymeric thioaldehyd&s {q.v.). 

Baeyer suggested the introduction of a common symbol for all geometrical 
is6mers, such as the Greek letter r. '*The ^dition of an index will assist 
the ready expression of the khid of isomerism, ^n the case of compounds which 
contain absolute asymmetric carbon atoms, the signs + — can be employed. 
Thus the expressions 

Dextro-tartaric Acid=r4- -f- j 

Laevo- tartaric Acid =r [Tartaric Acid 

Mesotartaric Acid s*r-| — ) , 

can be understood without special explanation.** In the case of relative asym- 
metry in unsa^ated compounds and saturated rings, Baeyer proposes to use the 
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terms cis and irans. Maleic acid=r®**»«** or briefly r®** ethylene-dicarboxylic 
acid, while fumaric acid=r«**» ethylene-dicarboxylic acid. ^ 

Further considerations on the space-confij^ration of the ethylene 
and polymejhylene derivatives •lead to a broadening of the scope 
and tO'the correction of the law, that an asymmetric carbon atom must 
be present in every optically active compound (see above, p. 30). 
Optical activity can occur even in the absence of an asymmetric carbon 
&tom in the ordinary sense, if atoms are attached to a carbon skeleton 
in such a way in space, that there is no plane of symm^y present — the 
object and its mirEQr-image do not correspond. Tms is found,' for 
instance, in hexahydrohexahydroxybenzene, whicjh^ 'exists in fwo enan* 
tiomorphic optically active forms, as d- and /- inositol : 


HO H 

^9 •. I I 

c: OH 

I I \ I 

|\H H H HOX 

h\i I 


HO C C. OH 

C^H H 


HO HO • OH OH 

4- and l~ Inositol. 

•Another example is found in d- and I- methjd-cyclohexylidene-acetic 
acid. 


CH, • . COOH 

HOOC . 


CH 

1 / 

\ 

^CH,— CH,,, 

1 

•C< >C=C* 

*c=c< 


>c* 

iN:h,-ch/ / 

\ 

m:h,— CH,-' 


fl* H 

H 


H 


in which the CH3 and H, COOII and H, attached to the *C atoms must 
lie in planes at right angles to each other as required by the condition of 
asymmetry (Aschan, B. 35, 3389 ; Marckwold and hfeih, B. 39, 1171). 

, The particularly ready formation of carbgcyclic and hetefocyclic 
compounds when five or six carbon atoms take part in the ring forma- 
tion, is also a result of the position of tlie sftoms in space. This aspect 
of stereochemistry ^11 be considered in the introduction to the carbo- 
cyclic compounds, and there also to the heterocyclic bodies, as well as 
in the discussion of the cyclic carboxylic esters, or lactones, the cyclic 
acid amides dr lactams, the sftihydrides of dibasic ^cid^, efc. « 

Hypotheses Relating to Multiple Unions "of Carbon. — The multiple 
unions of carbon are so important in stereochemical consideratiohs, 
that there has been a large amount of reseych into the nature of this 
union as well as attempts to repftsenf it. • All investigations in this 
direction demonstrate how difficult it is atipresent to understand^ so 
obscure a force as chemical attraction of g.ffinity from a mechanical 
point of view. Despite the demand and necessity that may exist for 
the introduction of hypotheses dealing with the mechanics of multiple 
linkage the views so far presented are in many essentials contradictory, 
and not one has won general recognition for Itself. See Baeyer (B. 18, 
2277; 28, 1274); Wunderlich (Configuration organischer Molecule, 
Leipzig, 1886) ; Lossen (B. 20, 3306) ; Wislicenus (B. 21, 581) ; V, 
Meyer (B. 21, ^5 Anm. ; 28, 581, 6z8) ; V. Meyer und^i^c^ (B» 21, 
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946); Auwers (Entwicklung der Stereochemie, ifeidelberg, 1890). 

22-23 > Naumann (B. 28, 477) ; Briihl (A. 211, 162, 371) ; Deslide 
(A. 269, 97) ; Skraup (Wien. Monatsh. 12, 146) ; /. Thiele (A. 806, 87 ; 
819, 129) ; Erlenmeyer,\un. (A. 816.> 43 ; J. pr. Ch. [2] 62, 145) ; 
Vorlaender (A. 820, 66) ; ^inrichsen (A. 886, i68). • 

Stereochemls^ of NltrogXi. — Isomeric phenomena of nitrogen-containing 
compounds ^of like chemical structure, which could not be ascribed to the same 
cause as prevailed in carbon compounds, le4 to the application of stereochemical 
views to the nitrogen atom. There appeared to be an absolute nitrogen asymmetry 
corresponding to^.he absolute carbon asymmetry, of which examples were cited by 
Le Bet in the unstable, optically uctive modification oi methyl ethyl propyl 
istobutyl ammonium chloride (C. r. 112, 724 ; B. 82, 5*607 722, 988, 1409, 3508 ; 
88 , 1003 ; C. 1900, II. 77 ; C. 1900, I. 26, 179 ; 1901, II. 206, 409, etc.). 

The relative asymmetry, due to the doubly-bound carbon atom, is seen in the 
isomerism of the oximes [Hantissch and }Verner\ comp, also Wallach, A. 882, 
337), of the hydroxamic acids {Werner), and of the aromatic diazotates, diazo- 
sulphonic acids and diazocyanidcs (HanUisch), 

Stereochemistry of Tin : C. 1900, II. 34. Stereoehembtry of Sulphur : C. 1900, 
I- 537; II- 623. 

Intramolecular Atomic Bearraugements. — Many investigations 
have shown that certain modes of linking, apparently possible 
a valence standpoint, cannot, m fact, occur, or when they do 
take^ plabe are possible only under certain definite conditions. In 
reactions, for example, in which two or three hydroxyl groups should 
unite with the same carbon atom, a loss of water almost invariably 
occurs and oxygen becomes doubly united with carbon, e,g. : 



On the other hand, the cethers derivable from these unstable 
“ alcohols are stable : ' . ^ 

CHjC^O.CaHB and HC^O.C.H, 

r 

In other cases there ik a cleavage of a halogen hydride, water or 
animonia, with the production of an unsaturated body, or an anhydride 
of a dibasic acid, or a cyclic e^ter (l^clone), or a cychc amide (laclam). 
In these reactions two m6lecules result from one molecule, in which 
atpm-groups occur in un^able linkage-relations, an organic molecule 
and a simple inorganic boij^ ^ 

This type of decomposition of a labile molecule is similar to the 
phenomenon of intramolecular atomic rearrangement, where unstable 
atomic groupings pass at the moment of their formation into stable 
forms without the alterati6n of the size of the molecule. The hydrogen 
atom, especially, is inclined to wander, but groups, such as the alkyl, 
phenyl, and hydroxyl • behave similarly. To-day, the number of 
examples of phenomenon is femarkably large; of which a few 
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only need be dted. A free hydroxyl group becomes added in most 
cases to a carbon atom in double union with Us neighbouring carbon 
atom. When intramolecular atomic rearrangj^ents occur t^,. hydro- 
gen of the hydroxyl attaches itself to the ^Mscent . carbon atom, and 
oxygen of Iry^^l unites, doubly with ^bon {Erknmeyefs rule, 
B. 18, 309 ; 85, 1781), ■ ’ 



/l-AIlyl Alcohol. Acetone. 


However, the ethers obtained from vinyl alcohol {q,v,) are stable : 
CH2=CH0.C2H6 and CH2=C(O.C2H5) — CH3 are known. 

It has also been observed that a transposition such as that described 
above can occur by two unstable and similar molecules rearranging 
with each other, so that two similar stable molecules result : ^ ^ 

• CH,=CH.OH CHj.CHO 

7 ( > 1 ^ 

IJO.CH=CH, OCH.CHg 

A rise of temperature is frequently necessary to induce many of 
these reactions to take place. Both compounds are capable of 
existence. Unsaturated acids pass into lactones. The intramolecular 
atomic rearrangement proceeds in a direction favouring the formation 
of a stable ring : 

.(CHJ.C ^ (CH,),C O 

CH— CH,.CO,H ” CH,^H,CO • 

Isoc^rolactone. 

In other unsaturated compounds we\>b6ervc that the unsymmetrical 
is transformed intb a symmetrical body through the rearrangement 
of the double linking of carbon : 

CH, » CH.CHJ CH, : CH.CH,.CN CH,.CH ; CHiCN • 

AUyl Iodide. Nitrile of Qrotonic Acid- • 

CH,.CH : CH.COgH* 

Crotonic Add. 


CH,«C— CO 


CH,.CO 

Itaoonic A.thydride. 


CH,.C CO 

• >0 

J— CO 

C3in§OTdc Anhydride. 


••L 


The esters of hydrothiocyanic add, under the influence of heat, 
rearrange themselves into the isomeric mustard oils, sulphur unites 
douUy with carbon and the alcohol radicaj that had previously been , 
in union with the sulphtu: wanders to nitrogen : 


C,H,— S— <SN ^ S-C-N.CjH/ 

AUjrl moejrMWte. Allrl Mtutud 
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Isonitriles or carbylamines, when heated, pass into nitriles ; the 
alcohol radical previously in union with nitrogen, wanders to carbon : 


C,H,— • 

Phenyl Carbyll|-iioe. 
(Vol. II.) 


Benzonitrile. 

(Vol. II.) • 


Other rearrangements Vmong the atoms of compounds only take 
place in the presence of a strong acid or base. Indifferent bodies pass 
over into basic or acid compounds : • • 


VrH.c.H, Hci 

* NH.C.Hg 
Hydra zobcnzeife^indiilerent). 


C,H 4 .NH, 


i. 


Benzidine (diacid base). 


CO.C,H, « KOH 

CO.CeHj 
Benzil (indifferent). 


C,H, 

^(9H)CO,H 

C,H, 

Beiizilic Acid (strong acid). 


Further examples of intramolecular rearrangements of aromatic 
bodies are diazobenzoic acid, plipnylhydroxylamine, diazoamido-com- 
^^pounds, etc. (see Vol. II.). 

£^QB(Jp-forms, Fseudomerism, Desmotropy, Herotropy, , Tauto- 
merism^ Phasotropism. — The study of these intramolecular atomic 
migrations led to the recognition of a large number of atomic groups 
as being labile and stable. In the case of many bodies it became 
known that apparently 1:hey could react in accordance with iwo different 
formula. In other words, as our constitutional formulae were deduced 
from chemical behaviour, it may be said that compounds ejeisted to 
whidi two, and under certain circumstances more, constitutional 
formulae could be ascribed. Baeyer (B. 16, 2188) explained this pheno- 
menon in such a manner that the stable bodies, under the influence of 
heat or reagents, passed into unstable modifications. " These isomei^s 
are only known in coi^ounds ; in the free state they revert to the 
original form. Their instability is referable to the mobility of the 
hydrogen atoms, since the ‘replacement of the latter is followed by 
stability " (compare A. W. Hofmann, B. 19, 2084). Mention may be 
here made of : 






SH 


Hydrotbiocyanic 

Acid. 


Cyanamid*. 


or 


— CH 

— CH, 

II or 

1 

— C.OH 

—CO 

Hydroxyl 

Ketone 

or Enol ' 

Form (J. pr. 

Form. 


^NH 

Isothio- 

cyanic^cid. 

» * 

Carbodi-imide. 




\s-R 

Knowa. 


t\NR, 

Known. 

CHCO.CjH, 

II pr 

C.{OH).CH, 




Known (mustard 
oils). 


NR 

\nr 

Known. 


c/ 


CH,.CO,C,H» 

CO.CH, 


Aoetoacetic Ester. 



CHEMICAL CONSTITUTION 

« 

• • 

— NH 

or I e,g. 


*\:oco. 
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— N ■ — NH ^N / ^ NH 

C,H«<:^ II or C.H.N 
— COH —CO ^COC.gH 

Lactime Lactam ^ 

Form. Form. j Isatine. 

• • / 

Bueyer proposes to represent the unsAble modifications by the 

designation “ pseudo*' Pseudomerism is tlfe term that will be adopted 
,in tins work for the phenomenon in which one and the same carbon 
compound can react in accordSince with different structural formulae. 
The imstable form of a derivative will, thereforeytake the name 
" pseudoform " or “.pseudo-modification." In sorife instances both 
forms are known. it. 


Closdy related to the conception of pseudomerism is that of Desmoiropy, 
derived ttom Seafi6s, a bond, and rpmiy, to changa (P. Jacobson, B. 20, 1732, 
footnote ; 21, 2628, footnote ; L, Knorr, A. 303, 133 ; Hantzsch, B. 20, 2802 ; 
21, 1754 ; Forster, B. 21, 1857). Michael suggested the name " Merotropy *' 
(B. 27, 2128, footnote ; J. pr. Ch. [2] 45, 581, footnote ; 46, 208). 

It is noteworthy that most pseudomeric compounds are acid in character; 
they can form salts. When these salts are treated with alkyl ogens or acyl halides 
the two classes of isomers appear. H. Goldschmidt (li. 23, 253) refers this 
phenomenon to the appearance of free 10ns. Hence in passing judgment upon 
questions of pseudomerism only thdse reactions can be considered, from which 
electroljrtic dissociation is excluded. Michael (J. pr. Ch. 37, 473) put^ifgr^rd tlw 
Noteworthy suggestion that in the transpositions of the salts by ofganicnalides 
two independent processes, depending on the conditions present, take place : that 
there is a simple exchange whereby the organic radical takes the place of the 
metal ; or the radical ^lalide first adds itself to the molecule and subsequently 
separates as a metallic halide. In the latter case trie organic radical assumes a 
position different from that previously held by the metallic atom (compare 
acetoac;gtic ester and malonic ester). Nef has recently maintained the correctness 
of MichaeVs view. 

Laar, on the contrary, following Butler ow (A. 189, 77), van *t Hoff (Adsichten 
iiber die organische Chemie, 2, 263) and Zinche (B. 17, 3030), assumes that such 
compounds consist of a mixture of structural isomers, in that an easily mbbile 
• hydrogen attfm oscillates between two positions tn equilibria, and thereby the 
pntire complex becomes mobile. He designates the phenomenon as tautomerism. 
Discarding the uncertainty introduced into the clpjssification of the c^bon com- 
pounds by the acceptance of this view, it has been noted that carbon compounds 
which Laar considers mixtures of structurally isomeric bodies do not differ in their 
physical propc4:ties from carbon compounds which offer no place in their structure 
for this equivocal assumption. By the assumption of tautomerism with the 
underlying meaning assigned it by Laar, the experimental solution of the problem 
as to the conditions under which pseudo-forms arc capable of existence is without 
object. Although from the natTire of the case the identification of easily alterabi^ 
intermediate reaction-products must continue •to be 'one bf the most difficult 
problems, yet success has been met with in quite a number of cases. At a time 
when chemical investigations at very low temperatures can so easily be carried 
on by means of readily obtainable liquid air, experiments on the conditions of 
existence of labile modifications wflf be sdtrtcdiafresh. 

The preceding section was prepared in 1893. Since then, numerous confirma- 
tions of these views have been found. The ketones constitute the most impprtant 
class of compounds, which ^e tautomeric. 4[»them, as in acetoacetic ester, the 
oscillation is between the paraffin ketone and the olefine hydroxyl or enol 
formula (p. 40). 


The investigations of Claisen (A. 291, «5 ; 297, i), Guthzeit (A. 286 , 
35). W. Wislicenus (A. 291, 147), Knorr (A. 298, 70 ; 808, 133 ; 806, 
332), P. Raabe (B, 82, 84), Dimroth (A. 886, i), and others have demon- 
strated that there exist compounds of the form — ^OH)9 kO— CO— , 
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which readily passMnto the form — CO — CH — ^CO— and conversely 
’are easily produced f^m the latter : “ The character of the added 
residue, the temperatut and the nature of the solvent, in the case of 
dissolved substances, deS^rmine which of the two forms will be the 
more stable." Claisen designates the ^acidic enol-ioxm the*a-compound 
and the neutral keto-iorm i'le ^-body, e.g.' 


COC.H, 

• I 

^Tribenzoyl Methane CjH,C(OH)=:C — COCgHg 


COCeH^ 

)9-Tribdrfeoyl Methane C,H,CO— CH — COC^H,. 


( 

The system of nomenclature proposed hy Hanizsch for pseudomeric 
substances (B. 38 , looo) appears to be most suited for its purpose. If 
the accustomed name refers to a " pseudo-acid " (the weaker acid or 
neutral form), then the name of the real acid is characterized by the 
prefix “ aci " ; for instance, CH3CO — CH2 — COOC2H6 is called aceto- 
acetic ester, and CH3C(0H) =CHr— COOC2H5 is named aw-acetoacetic 
ester. 

^ ^ usual name denotes the strong acid, then that- of the 

pse udo-acid is prefixe d by the word " pseudo, " as, for example , 

6h 2.C(OH) ~CH— CO.6 is called tetronic acid, andCH2.C(>— CH^-CO.O 
is pseudo-tQtxomc acid. ^ 

Claisen was the first to show that, in the above example of the two 
tribenzoyl methanes, only compounds having the a- or aci- constitution 
form salts direct ; the p- or pseudo-form yields no salts of the type 
CO— CMe -CO, but gradually changes when in contact with bases, 
into the salt of the aci-form CO — C=C(OMe) (see p. 41 ; slow or time 
isomerisation phenomena). • • 

The iphange of plienyloxybiazole carboxylic acid ester from one 
pseudomeric form into tiie other has been quantitatively determined 
by Dimroth by titration with potassium iodo-iodate. He found that 
only the aci-form precipitated iodine wliile forming a ^alt, and that 
the pseudo-form remained unaltered. 

Substances such as acetoacetic ester, malonic ester and others 
possessing the grouping — CO — CH2— CO-^ are considered to exist in 
the pseudo-form, since only one form has been isolated, and this yielded 
no salts of its own ; those wliich have been obtained, are metallic 
hydroxyl-substitution compounds of the aci-form. 

The phenomenon of pscuddmeri^iii in these compounds can be 
further complicated by thq intei*vention of stereoisomerism (p. 32) in 
enoh forms (see Diacetosuccipi^ acid ester, Kvorr, A. 306 , 332; Formyl 
phenyl acetic ester, Z. phys. Ch. 34, 46, etc. ; on the other hand, 
see Michael, B. 39 , 203). 

Physical methods have proved exceedingly helpful in determining 
the constitution of the pceudomers, and in following the^^mutusd 
interchange of forms; Molecular refractions in particular have been 
, determined, as, for instance, in the case of acetoacetid ester and its 
salts {Briihl, J^r. Ch. [2] 50 , 1x9 ; B. 88, x868 ; Haller and Mutter^ 



C. 1905, 1. 349, etc.) ; as well as dielectrical con^nts (Dtude, Z. phys. 
Ch. 28 , 308), and the magnetic rotation (Perkijf, Sen,). •• 

The investigations of Holleman (B. 88, 291^) and of HatUzsch have " 
enabled the^presence of pseudomerism to bewetected by electric con- 
ductivity measurements. This is only po^ble when one of the two 
possible forms is a weaker electrolyte than the other, as, for example, 
in the case of certain nitro-fatty bodies — R.CH2NO2, R.CH(N02)2' ' 
€uch compounds are gradually changed by alkalies into isonitro- 
bodies, RCH==NOOMe, etc. ; and from these salts thj^ddition of the 
equivalent quantity of hydrochloric acid liberates tne isonitro-bodv 
itself. In solution^ these iso-compounds revert -to the trhe nitro« 
body with a greater or legs velocity which can "be followed by the 
diminution in electric conductivity, and •the gradual disappearance 
of the red colour given with ferric chloride, which is a general cha 
racteristic for the aci-form of a compound (slow or time isomerization 
phenomena, B. 39 , 2089, 3149, 2265). 

Chromopseudomerism or Halochromism is the name given to the 
phenomenon of a colourless or feebly coloured substance 3delding a 
strongly coloured salt with colourlesjf bases or acids. Such an occur- 
rence was referred by Hanlzsch (B. 39 , 3080) to pseudomerism, where a ^ 
colourless pseudo-electrolytic rascal yielded a coloured ion. SShflljples 
of •this are found , in the coloured salts of nitroform, violuric acid, etc. 

Halochromism is specially developed in the ortho- and para-deriva- 
tives of the benzene sesries (see Vol. II.), which bf have, on the one hand, 
like the mostly* colourless true benzene compounds, and on the other 
like the mainly strongly coloured derivatives of quinone ; this class 
of bodiesjncludes 0- and p- nitroso- and nitrophenols, 0- and p- anpno-' 
and oxyazo- bodies, derivatives of triphenyl carbinol, etc., classes of 
bodies to which the coal tar dyes belong, to which the study of pseudo- 
merism is of special importance. V. Baeyer and others (B. 38 , 570 ; 
39 , 2977) consider halochromism can also occur in certain cases mthout 
any real alteration in structure occurring. This is brought about by 
one of the ordinary carbon valences changiiig into a so* called carhonium 
valence, vihich. Baeyer represents by a wavy line ; as for example : 


(C.H,),C— OH (C,H,),C O.SOjH. 

Triphenyl Carbinol, Triphenyl Carbinyl Sulphate, 

colourless. coloured. 


In all the cases which have been considered,' the interchangeable 
isomers have belonged to two different classes of compounds with quite 
different chemical characteristics. There exist, however, substances 
which according to their mode ot-prepEsratiSn should give rise to two 
forms belonging to the same class, but whiclj have turned out to be 
identical with one anothe^ as, for example, diazoamido-compounds, 
amidines, formazyl derivatives of the genirSl type— 


nnhy 


yNHX 


where R represents N in diazoamido bodies, CH in the amidines, and 
N : CH.N in the formazyl derivatives. TMs explains t^ absence of 
certain isomerism 4>henomena in pjpole, and such azolm as pyrazole 
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aAd triazole (see VoK^IL), and also in the ortho-di-derivatives of ben- 
z^e (Vol. IL, the ConWitution of Benzene), etc. Attempts have b^en 
made to explain these menomena by assuming oscillations of KekuWs 
valences' {Knon, A. 279^ i88) ; andf this is further complicated, in 
the case of pyrrole and th^ azoles, by the wandering of a if atom. For 
the phenomenon itslef Bmhl suggests the name Phasoiropism (B. 27, 
2396), whilst V. Pechmann -puts forward the term virtual tautomerism 
(B. 28, 2362). • 

THE N^ENCLATURE OF THE CARBON COMPOUNDS 
* • • ^ 

• The steadily incred.sing number of carbon derivatives has shown the absolute 

necessity that definite pnncipl es should determine their designation. The absence 
of such general and international rules (where they were possible) has led to great 
confusion in the nomenclature.^ 

Compounds originating from plants and animals received najpaes that indicated 
their origin, and often at the same time their characteristic chemical properties : 
urea, uric acid, tartar, tartaric acid, formic, oxalic, malic, citric, salicylic acids, 
etc. With a large class of bodies, e,g. the bases, glucosides, bitter principles, 
fats, etc., it was customary to employ the ending ine ” : coniine, nicotine, 
guanidine, creatine, betaine, salicine. amygdaline, glycerine, stearine, etc., and 
in the terminations al, ol, an, en, yl, ylenc, ylidene, the effort was made to show 
the similarity of certain compounds, without, however, proceeding in a connected 
wa3r' - 

The more thoroughly the constitution of bodies became known, the greater 
was the desire to indicate by names the manner in which the atoms were unfted. 
This was especially true in the case of isomeric compounds. The manner in which 
this was done, however, ^as left to the choice of tlie individual, and thus it 
happened that often one and the same derivative received different names, which 
possessed fundamentally equivalent meanings. 

Of the early suggestions on nomenclature, that of Kolbe (A. 113 , 307) on 
carbinol deserves special consideration. As is known, Kolbe referred the names of 
the monohydroxy saturated alcohols back to the name carbinol. In order to 
make this principle more general, it becomes necessary to ascertain the carbinol 
or carbinols for each class of compound.s — that is, to find those bodies from 
which the horaologues might be derived, just as the monoh^roxy saturated 
alcohols might be deduced from methyl alcohol or carbinol. Witliout attempting 
at this time to determine itic limits of the " carbinol nomenclature,” it will suifice 
to remark that in the case of the paraffin dicarboxylic acids all the normal homo- 
logues are the carbinols ; e.g. •malonic acid, succinic acid, normal glutaric acid, 
adipic acid, etc. Indeed, names such as moiiomcthyl malonic ^cid, ethyl methyl 
malonic acid, symmetric and unsymmetric dimethyl succinic acid, etc., are so 
readily understood that they are preferred by many chemists. 

In order to minimize as far as possible the arbitrary nomenclature of organic 
compounds. S, mqpting was convened in Geneva, in 1892, of the clfemists of nearly 
all the civilized countries, fqf the purpose of agreeing on a method of indicating 
the constitution of carbon compounds in a consistent and clear manner. The new 
” official ” names adopted by the Geneva Convention will, in the case of certain 
important series of compoui^s, be observed in the present text ; they will be 
enclosed in brackets — e.g. [etheneli dt*vtylene, [othine] for acetylene, etc. The 
designations of the simpler J>odies — the names justified from an historical stand- 
p6int and deduced from important reactions — will not be wholly eliminated. 
Thus, the names ethyl hydridt, dimethyl or rilcthyl methane will be used for 
ethane, depending upon what relations are especially to be emphasized. 

The new nomenclature proceeds from, or begins with, the hydrocarbons. The 
name of the hydrocarbon serves as the root for the names of those substances 
which contain their carbon^atoms arranged in a similar manner. The different 
classes of lx>dies are distinguished by the addition of suffixes to the names of the 
hydrocarbons : alcohols end in ol, aldehydes in al, ketones in one, and the acids 
in acid— e.g. [ethanol] = ethyl alcohol, [ethanal]= acetaldehyde, [propanone] 
■■acetone, [^panal] propionic aldehyde, [ethane-acid] —acetic acid. These 
examples will 1 (|iffice. The more detailed consideration will be given to the various 
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Classes of bodies, which are discussed. The principles of this nomenclature 
have already been found difficult of application, J^pecially in attempting 
to indicate in name a compound having a mize^ character — e.g. the body 
COH-— CHg — CHOH — CO — CO,H, which would ^e penianolcUone-acid. The 
accumulatioi^of suffixes, each of wnich possesses % meaning peculiair to itself, 
has " conduit rapidement k dee termes bizarres/ d'une complication facheuse 
et d'une prononciation difficile {Am^ Pictet). 

For the decisions of the International Congress of Geneva, convened 19th to 
^nd April. 1892, for the purpose co-ordinating chemical nomenclature, see 
liemann (B. 26, 1595) : Istrate's proposals (C. 1898. I. 17). On the nomen- 
clature of ring-compounds, sec Vol. II. ; also M. M. Richter (J^ 29, 586). 

In order to distinguish the more frequently occurring radici^ of the same kind, 
such as the univalent hydrocarbon residues, toth aliphatic ^nd aromatic, the name 
alkyl has been accepted. In di^erentiating between th^ two classes alphyl refem 
to the aliphatic residues and aryl to the aromatic ; whilst aromatic residues 
possessing aliphatic characteristics are referred fo as alpharyle. Carboxylic acid 
residues, too, are referred to as a^yl ‘and difierontiatfid into alphacyl and aracyl 
(C. 1899, I. 825). . 

PHYSICAL PROPERTIES OF THE CARBON COMPOUNDS 

It can, in general, be foreseen that the physical as well as the 
chemical properties of carbon compohnds must be dependent on their 
composition and constitution. Such a regular connection has, how-^ 
ever, only been determined for a few properties, of which the^llfl%ing 
sef ve chiefly for external characterization : — 

1. Crystalline form. 

2. Specific gravity*, density. t 

3. Melting point. 

4. Boiling point. 

5. Solubility. . 

For the investigation of constitution the following properties are 

of importance : — • 

6. Optical properties. 

• (a) iJefraction. • ^ 

* (b) Dielectric constants.* • 

(c) Optical rotation. n ^ 

(d) Magnetic rotation. 

7. Electrical conductivity. 


Ij CRYSTALLINE EORM OF CARBON COMPOUNDS 

« •• 

The xrystalline form of a carbon derivative is one of its most im- 
portant distinctions, whereby a body may be recognized most definitely 
and differentiated from other substances ; so that the preparation of 
organic substances in the form St crystals Snd their examination has 
been of the greatest value in organic ch\ 5 mistry. The more CQjrn- 
plex the constitution of 9 substance, the^less the symmetry of its 
crystals (B. 27 , R. 843). The crystalline forms of isomeric bodies are 
always different. Many substances may assume two or more forms ; 
they are dimorphous, polymorphous, but each is characterized very 
definitely by particular conditions of formation and existence. 

* This is, strictly, an electrical constant, but owing to its close connection 
with optical refraction, it is convenient to include it here, as m the German 
edition. (Translator’s note ^ # 
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, When it is possiblAfor a compound to crystallize from the same solvent in 
difEerent forms, only oi^ can separate within definite ranges of temperature. 
The limit between these ^nes, the temperature of transformation, is theoretically 
expressed by the pointiof intersection of the solubility curves Of the 
two cxystalline forms. It Vs opJy the out; or the other form t^t can appear 
under normal conditions aliov^ or below this temperature. From super- 
saturated solution, and indeed a supersaturated solution of the two forms, 
it is possible by the introduction of one or the other form, to obtain each 
of the two kinds of crystals, and, indeed, both together, but only so long as the 
supersaturation continues. After that, ode of the two forms will gradually 
dissolve and th^t one will remain which is the more stable at the temperaiture 
of experiment. Xhe temperature (^f transformation varies for each solvent, and 
when impurities are present in the substances a greater or less variation in the 
^temperature will occifr^ according to the degree of impurity. 

The existence and stability of a definite modification of a polymorphic sub- 
stance depends to a great extend on the temperature, of which the influence, how- 
ever, is not always the same. In the case of perchlorethane C^Cls, rhombic, tri- 
clinic, and regular crystal forms' are successively assumed during a gradual rise in 
temperature, whilst on cooling, the same series is passed through in reversed order. 
The change is said, therefore, to be reversible, and polymorphic substances of 
this kind are called enantiotropic (Lehmann). With other bodies, however, 
one modification may be labile and the other stable, so that the first form 
changes into the second, and not vice vers/ 9 . As an example, paranitrophenol 
C0H4.OH.NO2 (1,4) may be taken, bn solidification from the molten state, or 
^ from a hot solution, it crystallizes in the colourless labile form. This, on standing, 
* turna-iniijihe stable yellowish-red modification, which is quite different in its cleav- 
age and optical properties from the first. It can also be obtained by crystalliring 
from a cold solution. Such substances, which undergo a change in one direction 
only, are called monotropic. In many cases, however, a rigid grouping of the 
numerous polymorphic organic bodies in one or other* of the two groups is not 
always easy. For the assumptions necessary for the explanation of the pheno- 
menon, sec Zinche (A. 182, 244) a.nd Lehmann (Molecular physik, Leipzig, 1888/89) > 
Graham-Otto (Lehrbuch der Chemie, Vol. 1., Part 3, p. 22, 1898). 

At the present time little is known about the inner connection between the 
crystalline form and chemical constitution of carbon compounds, but it has 
been found, for example, that the slightest variation in chemical constitution 
does affect the amount of rotation exhibited by optically active compounds. Many 
such substances possess a hemihcdral form, and the two optically active modi- 
fications of a carbon <»compound, although they exhibit the same geomctridkl 
constants, are distinguished by peculiar left and right types (enantiomorpHbus 
forms) ; they are not superposable. The difference between two such com- 

g ounas, in which the atoms are stmilarly united, is only due, according to the 
ypothesis of an asymmetric carbon atom (p. 30), to the difference in arrangement 
of the atoms within the molecule. From this it follows that this variation in 


arrangement finds expression imthe crystalline form (comp. B. 29 , 1692). 

Laurent, NickUs, de la ProvXtave, Pasteur, Hjortdahl (see F. N. Hdw. 8, 855) 
investigated the influence that chemical relations of organic bodilb exerted upon 
the geometrical f>rope)rties gf their crystals. This problem, however, first 
appeared in the forefront of crystallographic study after P. Groth introduced 
the idea of morphotropy (Pogg. A. 141 , 31). By this term was understood the 
phenomenon of regular ^tera^ion of crystalline form produced by the entrance 
of a new atom or atomic group foifhydrc^en. Groth, Hintze, Bodewig, Arsruni, 
and others frequently called attention to such morphotropic relations particularly 
with the aromatic bodies (ernnp. Physikal. Chemie der Krystalle von Andreas 
Arzruni, 1893). . • e • 

The recogmtron of the connection be^yreen crystalline form and chemical 
constitution is rendered ‘more difi&cult by the fact that as yet an accurate 
determination of the magnitude of the crystal-molecule or crystal-element cannot 
be made. The possibility of doing this in the future may perhaps be found in 
van 7 Ifojf^s theory of solid solutions. As to the role of water of crystallization* 
in the salts of organic acids, consult Z. phys. Ch. 441. 
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SPECIFIC GRAVITY OR DENSITY 

y 

2. SPECIFIC GRAVITY OR DENMTV 

By this term is understood the relation oythe absolute weight of 
a sutetance to the weight of aa equal volume of a standard body. 
Conventional units of comparison are wat^r for solids and liqui(te, 
and air or hydrogen for gaseous bodies (see p. ii). The number repre- 
senting the specific gravity of a compound is as great as that repre- 
senting its density. It frequewtly occurs, therefore, that the terms 
specific gravity and density are used interchangeably 

Density of Gaseous Bodies. — ^For these, as we have iifready seen, the 
relation of the specific* gravity (gas density) to the. chemical icompost- 
tion is very simple. Since; according to Avogtidro's law, an equaf 
number of molecules ^re present in equal volumes, the gas densities 
stand in the same ratio as the molecular .weights. Being referred to 
hydrogen as unit, the gas densities are one-half the molecular weights. 
Therefore, the molecular volume, i.e. the quotient of the molecular 
weight and specific gravity, is a constant quantity for all gases (at 
like pressure and temperature). 

Density of Liquid and Solid Carbon Derivatives. — In the liquid and 
solid states the molecules are considerably nearer each other than ^ 
when ins the gaseous condition. The size of the molecules 2Rd4heir 
disitance from each other, which increases in different degrees with 
rise of temperature, are unknown, so that the theoretical bases for 
deducing the specific gravity are lacking. However, some regularities 
have been established empirically, which, by comparison with the 
specific or molecular volumes, give the ratio of molecular weight to 
specific gravity. 


The relations between the specific volumes of carbon compounds were first 
systematically studied by H. Kopp, in 1842 (A. 64 , 212 ; 92 , i ; 94 , 257 ; 96 , 
etc., to 250 , i). He felt justified from his observations in proposing : " That 
tl^e specific voltime of a liquid compound (molecular volume) at its boiling point 
is equal to the sum of the specific volumes of its constfluents (of tho atomic 
volumes), and that every element has a definite atomic Volume in its compounds.** 

From this it would follow that : (i) Isomeric compounds possess approxi- 
mately like specific volumes ; (2) like difierence^ in specific volumes correspond 
to like differenced in composition. 

The more recent researches {Lossen and others (A. 214 , 81, 138 ; 221 , 61; 
224 , 56 ; 225 , 109 ; 283 , 249, 316 ; 243 , i) ; R.'^chiff (A. 220 , 71, 278) ; Horst- 
mann (B. 19 , ; 20, 766 and^ 21, 2211, etc.), based upon an,jibundance of 

material, and at the same time giving due consideration tqthe structural relations • 
of the carbon compounds, prove conclusively that the supposed regularities, 
mentioned above, are unfounded. In fact, isomeric compounds do not possess 
equal molecular volumes, and their atomic volumes are not constant. The ' 
volume for the difference CH3 is not cp^tant^in the different homologous series, 
nor is that of hydrogen (A. 233 , 318 20 , 767/; nor that of oxygen (A. 233 , 

322; B. 19 , 1594). M. W. Richards has shown ^at the atomic volume is 
function of temperature and pressure, and probably, also, of electric potential 
(Z. phys. Chem. 40 , 169). For the molecular solifti6n-v(^ume, see Travhe (A. 290 , 
.43; B. 28 , 2722). 

Hence the molecular volumes do not represent the sums of the atomic volumes 
(the latter are scarcely determinable), and the specific gravities and molecular 
volumes depend less upon the volume of the atoms than upon their manner of 
linkage and upon the structure of the molecules. Therefore, to deduce regularities ' , 
in the specific volumes it is 'first necessary to consider carefully the chemical 
structure of the compounds. In this connection the influence of tile double 
union of the C- atoms in the unsaturated compounds and « ring-linkage 
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in the benzene derivatives, is significant. Assuming that the molecular volume 
of hydrogen is known is equal to 5*6, it becomes possible to calculate the 
molecular volume of an h^^aturated olefine compound if the molecular volume 
of the corresponding saturated paraffin body is known. Thus, pentane bbi 17-17 ; 
therefore amylene =117*17— 2 X5‘6=io5';j7. In fact, the molecular volume 
of amylene equals 109*95. Consequently 109*95— 105*97 =3*98-^— the increase 
in molecular volumes caused by the double linkage in amylene (A. 22d, 298 ; 
221, 104 ; B. 19, 1591 ; 20, 779)- The divalent union is therefore less intimate 
(pp. 21, 35), and the unsaturated compounds consequently show a greater heat 
of combustion (A. 220, 321). ^ * 

In the conversion of benzene hydrocarbons into their hexahydrides there is an 
increase in volum£' which is three times as great as in the conversion of the olefines 
into their corresponding paraffins. * This would emphasize the theory that in 
* '* • the benzene nucleus there are three doubly-linked 

carbon atoms. The specific gravities of the benzene 
hexahj^drides are notably greater (consequently the 
molecular volumes are smaller) than those of their 
corresponding olefines, and that accounts for the fact 
that in the ring-linking of the C- atoms in the 
benzene nucleus there is an appreciable contraction 
in volume (A. 225, 114 and B. 20, 773) ; Horstmann 
(B. 21, 2211) ; Neuheck (Z. phys. Chem. 1, 649). 

Schroeder determined the specific volumes of a 
number of solids (B. 10, 848, 1871 ; 12, 567, 1613 I 
14, 21, 1607, etc.). 

In determining the specific gravity of liquid com- 
pounds, a small bottle — a pyknometer — is used, ^of 
wliich the narrow neck carries an engraved mark. 
More complicated apparatus, such as that designed by 
^ruhl, based on SprengeVs f<irm, is employed where 
greater accuracy is sought (A. 203, .4) (Fig. 7). De- 
scriptions of modified pyknometers will be found in 
Ladenburg's Handwdrterbuch, 3, 238. A convenient 
form by Ostwald is described in J. pr. Ch# 16, 396. 
To obtain comparable results, it is recommended to 
make all determinations at a temperature of 20** C., 
and refer these to water at 4® and a vacuum. If m represents the weight of 
substance, v that of an equal volume of water at 20°, then the spqpific gravity at 
20® referred to water ?.l 4® and a vacuum (with an accuracy of four decimals!), 
may be dlscertrined by the /ollowing equation (A. 203, 8) • 



Fig. 7. 


j JO 0*99707 , 
d ' - ' +00012. 
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To find the specific volumes at the boiling temperature, the specific gravity 
at some definite temperature, the coefficient of expansion and the boiling point 
must be ascertained ; with these data the specific gravity at the boiling point 
is calculated, r.nd by dividing the molecular weight by this, there results the 
^specific or moleculdV volvnne. Kopp's dilatometer (A. 94, 257), Thorpe (J. Ch. S., 
87, 141). Weger (A. 221, 64), is employed in obtaining the expansion of liquids. 
For a method of obtaining the direct specific gravity at the boiling point, see 
Ramsay (B. 12, 1024), Schiff (A. 220, 78: B. 14, 2761), Scholl (B. 17, 2201), 
Netibeck (Z. phys. Ch., 1, 652).® c 

Kanonnikow, as well as Ko^ and his followers, employed the * * true density ** 
in his calculations, not the figure as found directly. This he took as being the 
reciprocal of Lorenz* s refraction constant, since, <..ccording to the Clausius and 
Mosotti theory, it constitutes the fraction of the total volume of a body which is 
actually occupied by the molecules themselves (C. 1899, II. 858 ; 1901, 1. 1190). 


3. MELTING POINT (FUSION POINT BP.) 

« 

Every pure compound, if at all fusible or volatile, exhibits a 
definite meltfi^ temperature. It is customary to determine this for 
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MELTING POINT ,, {FUSION POINT BP.) 

the characterization of the substance, and as a te^ of its purity. The 
melting point of a pure compound is not change-r by recrystallizatio^j. 
The slightest impurities frequently lower the melting point very con- 
siderably, wjiereas when foreiga substances are present in larger 
amounts the melting point is irregular and not well defined — i.e. there 
is not a definite melting point. If two different substances have the 
same melting point, a mixture of them, will show a considerably 
Ibwered melting point. The converse of this is of importance when 
establishing the identity of two bodies — ^the mixture must have the 
same melting point as each of the separate substaifces. Pressure 
influences the melting point to a very slight degree., » • 

In many crystalline carbon compounds a double melting point is observed. 
When heated, the substance first melts to a doubly refrjjcting, turbid “ crystalline 
liquid ’* (Lj), which becomes clear and isotropic at a higher temperature (L„ the 
** clearing point "). On cooling the reverse order of changes may be observed : 

L, L. 

Solid crystals ^ " Crystalline liquid ^ Amorphous liquid. 

The phenomenon apparently depends on ciiemical constitution, and is observed 
mainly in aromatic compounds, chiefly acids, acid esters, ketones, and phenolic 
ethers, which belong to the azoxy- or azo- series, or which contain JJjie gcoup 
ArG-NAr 

X/ or ArC=NAr ; and also in tlie cholesterol compounds, etc. (see 
O 

B. 89 , 803, bibliography ;• Z. phys. Ch. 57, 357). ^ 

Determinaiion 0/ the Melting Point. — ^The most accurate method would be to 
immerse the thermometer in the molten substance ; this, however, would require 
large quantities of material (Landolt, B. 22, K. 638). 

Ordinax*ily, a small quantity of the finely pulverized material is introduced 
into a capillary tube, closed at one end, which is attached to a thermomete?, for 
instance by a thin platinum wire, in such a way that the thermometer and capillary 
tube are'on the same level. Alternatively, the substances may be pressed between 
two cover glassies (C. 1900, 1. 241). A beaker containing sulphuric acid or liquid 
paraffin is used to furnish the heat, which is kept uniform>throughout the liquid 
by ' agitation with a glass stirrer. A long-necked flask, containing sfilphuric 
acid, is sometimes employed, in which a test tube is inserted or fused : in the 
latter case it is necessary that the flask should be provided with a side-tubulure 
(Fig. 8) (B. 10, iPoo; 19, 1971 ; 5, 337 ; C. 1900, II. 409). 

When the mercury thread of the thermometer extends far above the surface 
of the bath, it is necessary, in accurate determinations, to introduce a correction, 
by adding the value «(T— /) 0*000154 to the observed point of fusion, where n 
is the length dtthe mercury column projecting beyond the bath' expressed in ^ 
degrees of the thermometer, T is the observed teiqperature, aild t the tempera- * 
ture registered in the middle of the projecting portion of the mercury column ; 
0*000154 is the apparent coefficient of expansion of mercury in glass (B. 22 , 
3072 : Literature and Tables). After the melting-point has been approximately 
determined with an ordinary thermonA^ter a iliore accurate determination may be 
made by introducing a shorter thermom*5ter, divided into fifths, with a scale carry- 
ing a limited number of degrees (about 50*^). (See ^ig. 8.) • 

The lack of agreement betv^en the melting #p9ints of the same compound as 
determined by different workers, is often sufficient to prevent identification. This 
is not so much due to the thermometers as to the manner in which the deter- 
mination is made. By rapid heating the mercury of the thermometer will not 
have time to assume the fusion temperature. In tjie region of the melting point 
the heat must be moderated so that during the course of the fusion the thermometer 
rises very slowly. Far more^concordant figures might be obtained if a general 
use of short-sc^e thermometers were adopted and the time agreed upon for the 
mercury of the thermometer to rise through one degree of the ^sde daring the 

• 
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« observation. For the^etermination of low melting points by means oi the 
ai;r thermometer, see ]^26» 1052; B. 83, 637. For the determination of the 

melting points of organic bodies fusing at 
high temperatures, see B. 28, 1629 ; at red** 
heat, B. 27^ 3129; of coloured compounds, B. 8 , 
’ 687 ; 20, 3290. 

Regularities in Melting Points. — (i) In the 
case of isomers it has been observed that 
'che member possessing the most symmetrical 
structure generally shows the highest melting 
point ; for instance, among the aromatic series, 
para-compounds melt at a higher temperature 
than ortho- or ' meta-compounds. (2) Of the 
alkyl esters of the carboxylic acids those with 
the methyl residue have a higher melting point 
than that of the next homologucs (see oxalic 
esters). (3) In homologous series with like link- 
ages the melting point altcrnat/^ly rises and falls 
(see saturated normal aliphatic mono- and dicar- 
boxylic acids, B. 29, R. 411 ; C. 1900, 1. 749). The 
members, having an uneven number of carbon 
atoms, have the lower melting points (Baeyer, 
B. 10, 1286). This is also true of acid amides 
having from 6 to 14 carbon atoms (B. 27, R. 551), 
and for the normal primary diamines (C. 1900, 
II. 1063 ; 1901, I. 610, etc. ; Z. physi Ch. 60, 
43). (4) In the case of the benzene nitro- 

compounds and their derivatives — the azoxy-, 
azo-, hydrazo-, and amido- bodies — ^as well as 
the corresponding dipKenyl compounds, it has 
been observed that as oxygen is withdrawn 
the melting point rises until the azo-derivatives 
are reached, when it descends to the amido- 
bodies (G. Schultz, A. 207, 362). To all these 
regularities among melting points there exist 
numerous exceptions (Graham-Otto, Lehrbuch 
der Chemie, Vol. I. part 3 (1898), p. 505; 
Franchimont, C. 1897, II. 256). For the melting points of mixtures, sec B. 
20, R, 7.5. 



4. BOILING i'OINT ; DISTILLATION 

The boiling points of carbon derivatives, which are volatile without 
decomposition, are as important for the purpose of characterization as 
, the melting points. In case ef the latter the influence of pressure is 
^so slight that it ,can be neglected, but thb former vary v8ry markedly 
when comparatively inappreciable changes in pressure occur. Hence in 
stating a boiling point accurately it is necessary to add the pressure 
at which it was observed. When the quantity of material is ample 
the boiling point is determined by diliillation. For the determination 
of the boiUng points of very small amounts of liquids, see B. 24 , 2251, 
944 : 795 ; 14, 88. . r 

DistillaHon under Ordinary Pressur$:^FoT this purpose a special flask is 
employed, the long neck of which is provided with a side tube pointing downwards 
at an angle. The neck of the flask is closed with a stopper, bearing a thermometer. 
It must not be forgotten that^very frequently the vapoum of organic substance 
attack ordinary corks or those of rubber, therefore the exit tube should be placed 
.a considerable distance from the end of the neck ; or the neck may be nanowed 
at the upper esd and the thermometer held in position by means of a piece of 
india-rubber tuf^g passed outside it. The mercuiy bulb of the thermometer 
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should be slightly below the level of the exit tube in the vieck of the flask. The 
latter should be at least one-half filled with the liquid to^e distilled. ^ 

If the thermometer is not wholly immersed in the vapour, the external mercuty 
will not be heated to the same degree as that on the interior, hence the 
recorded temp^ture will be less thanethe true one. The necessa^ correction is 
the same as that which has already been given for the melting point. By using 
a shorter thermometer with a scale not exceeding 50^ which can be wholly 
surrounded by the vapour, the correction becomes unnecessary. 

In general, when the boiling point " under ordinary pressure " is recorded, 
ilFis understood to mean at 760 mm. of mercu^. If the barometric column does 
not indicate this amount during the distillation, a second correction is necessi- 
tated (B. 20 , 709 ; Landolt’Boemstein, Tabellen, 3rd edition, 1905, p. 177). To 
avoid this it is advisable to adjust the pressure in the apparatus to the normal, 
for which purpose the regulators of Bunte (A. 168 , I39) and ^ 
Lothar Meyer (A. * 165 , 303) are suitable.* * 

Distillation under Reduce^ Pressure .* — Attention has already 
been directed to the . great variation in boiling points with 
variation in temperature. Marty carbon derivatives whose 
decomposition temperature, at the ordinary pressure, is lower 
than that of their boiling points, can be boiled under reduced 
pressure at temperatures below the point at which they break 
down. Distillation under reduced pressure is often the only 
means of purifying liquids which decompose when boiled at 
the ordinary pressure, and Vhich cannot be crystallized. This 
• method is of 

primary, im^X’rt- 
ance in scientific 
research in the 
' laboratory, and 
is rapidly being 
introduced into 
technical opera- 
tions with much 
success. 

Distillation 
under reduce^ 

pressure of easily solidifying bodies has been facilitated by the 
introduction of flasks to which receivers are fused or groupd in 
(Pig. 9). The thermometer is introduced iq^ a thin- walled tube 
drawn out into a capillary, the othc^eiid of which is^closed 
with rubber tubing and a clip. A slow current of gas is drawn 
through the liquid during distillation, and in this way bumping 
is avoided. The distillation flask is best heated in a bath. Usually the pressure 
is lowered by means of a water pump, but when it is desired to distil at 
pressures lying near the absolute vacuum, it will be found advantageous to use 
a Sprengel mercury pump, which is set into motion, according to Babo*s, 
method, by meaas of a water suctipn pump ; compare Kahlbaum (]>. 27 , 1386) ; 

F. Kraffi and H. Weilandt (B. 29 , 1316) ; Precht (B. 29 , 1143). * * 

A still simpler method of attaining very low presSures consists in the employ- 
ment of liquid air. A vessel, containing very finely divided pure blood-charcoal, 
or cocoanut charcoal, is interposed between the apparatus illustrated in Fig. 9 
and the air pump. On cooling it with 'iquid Cir ti]|p small amount of gas left in 
the apparatus condenses in the charcoal, and the pressure fails to a fraction 




Fcg. 9. 


• Compare Anschuts and Reitter, Die Destination unter vermindertem 
Druck im Laboratorium, 2nd ed., 1895, Bonn. The tables in this book record 
the boiling points of over 400 inorganic and organic substances under reduced 
messure. George IV. Kahlbaum, Siedetemperatur und Druck, Leipzig, 1885. 
Dampfspannkraftsmessungen, Basel, 1893. Meyer W^tdermann, Die Siedetemj^er- 
aturen der Kdiper sind eine. Funktion ihrer chemischen Natur (B. 23 , 

1468). W. Nernst and A. Hesse, Siede- und Schmelzpunkte, Braunschweig, 

1893. • 

VOL. I, 
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of a millimetre. If apparatus is filled beforehand with CO|, the charcoal 
<jEin be omitted (B. 38 , V49)- 

For distillation under any pressure, the apparatus of Staedel (A. 195 , 2X8 ; 
B. 13 , 839), and Schumann (B. 18 , 2085), may be used. For mercury thermometers 
registering temperatures to 550°! sec B. 2 G, 1815 ; to 700®, B. 27 ^ 470. 

Fractional Distillation. — Liquids having different boiling points can be 
separated from mixtures by fractional distillation — an operation tha£ is per- 
formed in almost every distillation. Portions boiling between definite tempera- 
ture intervals (from 1-10°, etc.) are collected separately and subjected to repeated 
distillation, those portions boiling alike being united. To attain a more rapid 
separation of the rising vapours, these should be passed through a vertical tube, 
in which the vapours of the higher boiling compound condense and flow back, 
as in the apparatus employed in the rectification of spirit or benzene. To this 
end therfe is placed on the boiling flask a so-called fractionating column of Wurtz. 
Excellent modifications of this have been described by Linnemann, Le Bel, 
Hempel, Young, and others. « For the action of these “heads,'* see A. 224 , 
259 ; 13 . 18 , R. loi, andi\. 247 , 3 ; B. 28 , R. 352, 938 ; 29 , R. 187. The action 
of these fractionating columns is increased if enclosed by highly evacuated 
jacket (B. 39 , 893, footnote). 

Relation of Boiling Point to Constitution.* — (i) Generally the boiling point 
of members of a homologous series rises with the increasing number of carbon 
atoms. (2) Among isomeric compounds of equal carbon content, that possessing 
the more normal structure boils at a higher temperature. The addition of the 
methyl groups depresses the boiling point. It is noteworthy that the lowest 
boiling isomers possess the greatest specifid volume (B. 15 , 2571) . (3) Unsaturated 

coi»pouEds boil at a higher temperature than those whicl; are saturated. (4) The 
substitution of a hydrogen atom by a hydroxyl group raises the boiling goint 
about 100®. 

The connection existing between the boiling points and chemical constitution 
of the compounds will bq discussed later in the several homologous groups. 


5. SOLUBILITY 

4 , 

The hydrocarbons and their halogen substitution products are 
dither insoluble, or only very slightly soluble, in water. They dissolve, 
however, very readily in alcohol and in ether, in which most other 
carbop derivatives are also soluble. 

Ether, but slightly miscible wi^i water, is employed to extract many substances 
from their aqueous solutions, separating funnels being used for this purpose. 

The more oxygen a compound contains, the more readily solvible is it in water ; 
especially is this true wlicn several of the oxygen atoms are combined with 
hydrogen, i.e. when hydroxy] groups are present in the organic compound. 

The first members of homologous series of alcohols, aldehydes, ketones, and 
acids are sofublqjn water, but as the carbon content increases, the hydrocarbon 
character, in relation to sohibility, becomes more and more evident, and the 
compounds become more and more insoluble in water. 

In addition to water, alcohol, and ether, other solvents are employed as 
solvents, such as carbon disulphide, chloroform, carbon tetrachloride, methylal, 
acetone, glacial acetic acid,*" ethyl acefetc, benzene, toluene, xylene, aniline, 
nitrobenzene, phenol, etc. ^ Light petroleum spirit, derived from American 
petroleum, is especially valuable ; it is composed of lower paraffins, and is often 
used to separate compounds fiom solvents wiVh which it is miscible, because 
very many organic substances are insoluble or dissolve with difficulty in it. 

The solubility of a compound is dependent upon the temperature, and 
is constant for a definite temperature. This means is frequently employed for 
purposes of identification. 


• On the connection between the boiling point ‘and the chemical constitution 
of a substanc^, as known at present, see Graham-Otto, Lehrbuch der Chemie, 
Vol. 1. part 3f P* 535 (X898) ; also Menschuthin, C. 1897, II. 1067 . 
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For the regularities among the solubilities of isom^lic carbon derivatives, 
consult CarneHUy, Phil. Mag. [6] 18 , x8o ; Carnelley and Thomson, J. Ch. S. Vt 
8oi. 

For apparatus suitable for determining solubility, see V, Meyer, B. 8 , 998. and 
Kohler, Z, anaK Ch. 18 , 239 ; B. 80 , 1752. 


. 6. OPTICi^L PROPERTIES 

Colour, — ^Most organic compounds are colourless, many are coloured ; 
e,g, iodoform is yellow, whilst carbon d:etraiodide is dark red. The 
presence of certain atomic groups is connected with definite* colours* 
particularly in the case of the aromatic derit^atives. The nitro-* 
bodies, for example, are more or less yellow, whilst the azo- 
derivatives vary from orange to red, etc. • Th^ colour of the solution 
of coloured substances depends to a large extent on the nature of the 
solvent (B. 27, R. 20 ; 39, 4153). 

Dye-stuffs. — Many coloured compounds, belonging almost ex- 
clusively to the aromatic series, possess the property of dyeing 
vegetable or animal fibres, either diA^ctly or through the agency of 

mordants. * 

• • 

According to O, N. Witt, an aromatic substance behaves as a dye when it 
includes a chromophoric group, e.g. NO*. Nj, etc., as well as an auxochrome group, 
such as an OH or amino -^oup, in its composition. The latter occupy the ortho- 
or para- position to the mromophor. A substance containing a chromophoric 
group alone is called a chromogen (B. 9 , 522 ; 35 , 4225 ; 36 . 3008). 

Fluorescence. — This property, like that of colour, results from the presence 
in the molecule of certain fluorophoric groups (R Meyer, B. 31, 310 ; C. 1900. II. 
308; Chedi. Ztg. 29 , 1027). ^ 


Refraction. — The carbon compounds (like all transparent sub- 
stances) possess the power of refracting light to a varying degree. 

The coefficient of refraction or refractive index (n) for nomogeneous light passing 
from medium i into medium 2, represents thm rjitio of the velocities of propa- 


gation Vj and e, hi bott media ; 

similar optical behaviour is observed in all 
found in crystals) n is independent of the 


For single refracting media, in which 

directions (a condition which is seldom 
direction of the incident light, so that 


if i and r are the incident and ref&ctive angles n 
for light of a definite wave-length. 



sin t 
sin r’ 


a^constant number , 


Specific Refractive Power . — The refractive index («) varies with the tempera- 
ture, consequently also with the specific gravity oj the liquid. 

Their rdation to each other is approxiiflateljl expressed by the equation ; 


«— I . ! I • . ^ 

— =con8t. or T =const.* 

d • »•+ 2, 

(Gladstone’s formula). (Lokbz and Lorentz’s formula), 
n-formula. f»9'formula. 


where d is the sp. gr. of the liquid, determined at the same temperature as the 
refractive index. The constant remains practically^unchanged for any tempera- 
ture. 

Molecular Refractive PowBr or Molecular Refraction is the specific refractive 
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power of a substance Vuultiplied by its molecular weight. It is represented by 
M or ffl, according to Whether Gladstone's or the m* formula is adopted : 

jiK ^ ^ at — I A 

M= -g- . K- . *“ = iq:5 • 

It is immaterial which of the two formnls is employed in &e examination 
of stoichiometrical questions, so long as fluid substances are referred to. In a 
comparison of liquids with Iheir vapours the n* formula only can be used, and. 
it is also to be preferred wheii dealing vdth aromatic substances. 


The molecular refraction of, a liquid carbon compound is equal to the 
sum of the atomic refractions r, r\ r ^ : 

M = ar + 6^ + 

in which a, b, c, represent the number of elementary atoms in the 
compound. TTie atomic refractions of the elements oxe deduced from 
the molecular refractions of the compounds obtained empirically, in 
the same manner as the atomic volumes are obtained from the mole- 
cular volumes. Whilst it was formerly assumed that but one atomic 
refraction existed for each element in its compounds, later researches 
have proved that only the univalent elements have a constant atomic 
refraction, and that of the polyvalent elements, e.g. oxygen, sulphur, 
carf)6n, ’is influenced by their manner of union. 

This is seen in the rise in the molecular refraction by a constant quantity, 
amounting to 2-4 for tiie n-formula, and 1*84 in the case of the M*-formula, for 
each double bond of a carbon atom. A treble bond posses^ the fi> value of 
approximately 2*2. , 

The refraction is determined either for the yellow sodium line (the D line in 
the solar spectrum), or for the red hydrogen line Ha (C in the solaf spectrum). 
These values are affected by the disturbing influence of *' dispersion,** and a 
refractive index free from this factor has not yet been developed (see Dielectric 
Constant, p. 53). The molecular refraction ascertained by means of the ateve 
formula from the observed values of the refraction and density, jam be compared 
with that calculated'abv the addition of the particular atomfc refractionsf as 


Lorenz's formula. 


*•365 2-501 

I -103 1-051 

1-506 I -521 

1- 655 1*683 

2- 328 2-287 

6-014 5*998 

8-863 8-927 

13-808 14-12 

^•836 1-71 

2-22 


The atomic refraction of nitrogen in its various combinations has been minutely 
investigated by Bvilhl, but final results have not, as yet, been attained. 

It is, therefore, obvious that important data relating to the manner 
of union of the atoms in the mole^e of a carbon compound can be 


given in the accompan>:.-'g tabic. 

Gladstone's formula. 


Carbon (single bond) . . . 

C' 

5-00 

4-71 

Hydrogen 

H 

1-30 

1-47 

Oi^gen (in hydroxyl) . . . 

O' 

. 2-8 q 

2 -6^ 

Oxygen (in ethers) .... 



A V J 

Oxygen (carbonyl) . . . 

O'* 

3*40 

3*33 

Chlorine 

Cl 

9*79 

10-05 

famine 

Br 

15*34 

15*34 

Io<^ne 

I 

24-87 

25-01 

Ethylene linkage ... 7 


i-4 

2-64 

Acetylene linkage .... 
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obtained from the' molecular refractions. When the observed mole- 
cular refraction is in excess of the calculated value, the presence of ^ 
double or treble bond is indicated. Thus the greater molecular 
refraction (by ^3 X 178 = 5-34 units) of the benzene bodies, confirms 
the view, previously deduced from chemical facts, that there are 
present in the benzene nucleus three doubly-linked carbon atoms. 
Among the terpenes the change from a ring formation to an open 
chain with a double bond can be followed (B. 20 , 2288 ; 22 , 2736 ; 
28 , 855 ; 24 , 656, 2450 ; 25 , 2638). In many cases among the sub- 
stances referred to by Laar as being tautpmeric, it has been possible to 
ascertain whether they -exist in the enol- or keto- form (B. 25 , 366/ 
3078; 88, 1868). However, 'the regularities noted above only hold' 
good for bodies with slight dispersive power, such as the fatty bodies. 
In the case of substances possessing a greater dispersive power than 
cinnamyl alcohol*, the molecular refraction is valueless for the deter- 
mination of chemical structure (B. 19 , 2746 ; 24 , 1823). 


On the employment, for the elucidation of stoichiometrical problems, of the 
molecular dispersion of bodies, i.e. the difference between the refractions measured 
wi^ blue and red hydrogen lines, see BriiJd (Z. phys. Ch. 7 , 140). 

The refraction stere of /. Traube is •the quotient obtained by the division 
of the molecular refraction by the number of atomic valencies. Within cerjiain 
limits it approximates to a constant (0787) which is of special significance in the 
theory of valency (B. 40 , 130, 723). 

The Abbs total refractometer, and Pulf riches total reflectometer are much more 
convenient than the spectrometer for rapid and sufficiently accurate working (Z. 
phys. Ch. 18 , 294 : B. 24 , 286).'^ • 

Dlelectrie Constant.— The electrostatic force by which two electrified 
bodies afiect one another varies with the nature of the insulating “ dielectric 
medium " v^Jiich separates them. Taking air as unity, the measurement made 
with another substance under similar circumstances gives the dielectric consfbnt 
of that medium. This value, usually indicated by k, has been taken for a lar^e 
number of carbon compounds ; * for example 


• « 

* Gases and Vapours, about . i-o 
Liquid Hydrocarbons . 2 '0-2 -5 
Carbon Disulphide . . .2-6 

Ethyl Ether 4*5 


Fatty Acid^about 
Fatty ^uifdEsters 
Fatty Alcohols 
Warter ...» 


K 

2 •4-7-0 
5-9 

16-35 

80 


The electromagnetic theory of light is based on the fundamental principle 
that light and electromagnetic waves are of the same nature, differing from one 
another only in length. The refractive index, for an infinitely long wave can 


be closely connefited to the dielectric constant, by the relatioi^ -%/)?= na. The 
determination of the dielectric constant thus supplies directly a value for the 
refractive index free from dispersion, analogous to the Lorenz formula (p. 31). 


K — 1 
K + 2 ■ 




The values obtained in investigations so far carried out t l^ve not led in 
general to a good correspondence with those derived by optical methods, whilst 
the optical molecular refraction^measurements di<»w an additive character (at 
least for compounds of similar constitution), the values obtained by electrical 
methods are influenced by insignificant differences in constitution of each sub- 
stance. In this case there is no possibility of calculating “ atomic refractions,** 


* On the method of measurement for chemical purposes, see Nemst (Z. pbys. 
Ch. 14 , 622 ; 24 , 21) ; Wied (A. 57 , 215 ; 60 , 600) ; Drude (Z. phys. Ch. 28 , 267). 

t London and John (Z. ph3rs. Ch. 10 , 289). See also CraharldQUo^ Lebrb. 
dtr Chsinia, 1 . part 3, p. 650, 1888. 



54 


ORGANIC CHEMISTRY 


but rather to trace and disclose differences in constitution by electrical means, 
f^r which purpose it is of great assistance. Under certain circumstances the 
attendant phenomenon of anomalous electrical absorption is to be observed, i,e, 
the partial change of electrical into heat energy. Almost all the non-conducting 
carbon compounds which give rise to this absorption contain the hydroxyl group. 
On this observation is based a method of detecting and demonstri^ting the mutual 
change of keto- and enol- forms {Drude, B. 80, 940 ; Z. phys. Ch. 28, 508, 318). 
Further progress in this investigation will doubtless yield important results. 

The vapours of many groups of aliphatic and specially aromatic bodies 
absorb Tesla currents at ordinary pressure and change them into light wav^s. 
Such substances, for example, are the primary aromatic amines, and the simple 
aliphatic aldehydes and ketones. In the latter case the keto- group seems to be 
^the vehicle of the luminescence, it any rate neither the vapours of paraldehyde 
j *nor of atetaldehyde* become illuminated (H. Kauffmlann, B. 35, 473). 

Optical Rotatory Power,* Rotation of the Plane of Polarisation 
by Liquid or Dissolvidd Carbon Compounds. — Biot, in 1815, observed 
that many naturally occurring bodies such as the sugars, the terpenes, 
and camphors, were capable of rotating the plane of polarized light. 
He also shovred, in 1817, how the vapours of turpentine also deviated 
the plane of polarization, and concluded that this power was a property 
of chemical molecules. Such bodies are termed optically active carbon 
compounds, • 

Specific Rotatory Power [a]. — The angle of rotation a is proportional to the 
length I of the rotating column (usually expressed in decimetres) ; hence the ex- 
pression ^ is a constant quantity. To compare substances of different density, in 

which very unequal mas^s may be contained in this column, they must be referred 
to a like density, and hence the rotation must be divided by the sp. gr. of the 
substance at a definite temperature. The expression 

Wi>or[o]j=^ • 

is called the specific rotatory power and is designated by [o]d or [a]j, according as 
the rotation is referred to the yellow sodium line D or the *' transitional colour '* j. 
For solid, active substances, in an indifferent solvent, the equation employed is 



where p represents the quai^tit.,' of substance in 100 parts by weight of the 
solution, and d represents the specific gravity of the latjter. 

This specific rotatory power is constant for every subsPance at a definite 
temperature ; it varies, however, with the latter, and, in the case of solutions, 
with the nature and quantity of the solvent. So much is this the case, that 
under various conditions the angle of rotation for one and thf same substance 
can become zerb or even change in sign. Therefore, in the statement of the 
specific rotatory power of dissolved substances the temperature and percentage 
strength of the solution are always given. 

In many cases the addition of substances such as salts, etc., causes a change 
in the rotation. Such activf^ bodies, including tartaric acid, malic acid, mandelic 
acid, and others, which contain an alcoholic hydroxyl group, are powerfully 
influenced by the addition 6f alkali borates, molybdates, tungstates, and uranates. 
The phenomenon depends apparently on the formation of complex combinations 
(B. 88, 3874, etc.), and can sometimes be used to increase the rotation of active • 
substances, of which the rotatory power would otherwise be too small to be 
measured alone, either on account of specific value being insignificant or because 
the solution employed is too weak. (See Landolt, previous reference, footnote 
p. 220 ; Walden (B. 30, 2889).) * 


♦ Landolt, Das optische Drehungsverm gen * organischer Substanzen und 
die practise!# Andwendung derselben, 2nd edition. Braunschweig, 1898. Walden 
Ueber das Drehungsvermogen optisch aktiver Korper, B. 889 345. * 
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MolectUar Rotatory Power is the product of the specific rotatory power [a] 
and the molecular weight P. As these values are usually high, the molecular 
weight is divided by loo. • 

• ^ lOO 


Thh most suitable apparatus for measuring rotation are described in the above- 
mentioned work of Landolt (p. 54, footnote). 

In 1848 Pasteur demonstrated that in optically active substances, such as 
tartaric acid and its salts, the rota^ry power is intimately connected with the 
crystalline form, and is usually connected with the presence of hemihedral faces. 
In the discussion of the stereochemical or spacial theories, reference was made to 
the fact that Pasteur considered the asymmetric structure of the molecules of 
optically active carbon compounds to be the cause of their remarkable action 
upon polarized light. • • • • 

According to the theory of van *t Hoff and ^.e Bel, the activity of the carbon 
compounds is dependent upon the presence of asymmetric carbon atoms or on the 
asymmetric arrangement of atoms attached to a carbon skeleton in space (p. 30). 

So far as they have been investigated, all optically active carbon compounds 
contain one or more asymmetric carbon atoms. However, there are many 
compounds containing such atoms, which, when they exist as liquids, or when 
in solution, have no effect upon polarized light. This is true when two molecules 
of opposite but equal rotatory power unite to form a molecule of a physical, 
polymeric compound, e.g. inactive lactid acid, inactive malic acid, inactive 
asparagine, inactive aspartic acid, racemic acid, etc. ; also, when the half of a 
molecule^neutralizes the rotation produced by the other half, as in mesotartaric • 
aejd. * 

It has also been shown that in the conversion of optically active bodies into 
their derivatives the activity continues so long as the latter contain asymmetric 
carbon atoms ; when the#asymmetry disappears, the derivatives become inactive. 
The two active tartaric acids yield two active malic! acids ; active asparagine 
yields active aspartic acid, active malic acid, etc., whilst the symmetrical succinic 
acid that is obtained by further reduction is inactive. 

If varjpus groups, each containing an asymmetric carbon atom, be introduced 
into a molecule, the final rotation will be the algebraic sum of the rotations of 
the single groups : sec especially, Guye (C.r. 119 , 953 ; 120 , 632 ; 121 , 827 ; 122 , 
932) ; and Walden (Z. phys. Ch. 17 , 721). • 

By changing or substituting a single group or element, connected with an 
asymmetric C*atom, the rotatory power is often very ccyisiderably influenced; 
as9 for instance, by the production of an ethylcnic Imrkcfge or by ring-fbrmation 
(C. 1903, II. 1 16 ; 1905, II. 31 ; A. 327 , 157) ; or when alkyl groups are intro- 
duced into NH or OH groups (B. 34 , 2420 ,• Q. 1905, II. 455). In the case of 
malic acid the qptical* antipodes can be transformed into one another by a con- 
tinuous series of changes ; 1-malic ester, with PCI5, gives d-chlorosuccinic ester, the 
acid of which with silver oxide yields d-malic acid. Conversely, d-malic ester, with 
PCI,, gives 1-chlorosuccinic ester, of which the acid can be converted into 1-malic 
acid. Similarly, 1 -bromo- or l-ch)^rosuccinic acid, acted on by ammenia in methyl < 
alcohol solution, yields d-aminosuccinic acid, which is chejnged into d-malio 
acid by barium hydroxide. Finally, the halogen substitution products of the 
active succinic acids, when acted on by potassium hydroxide instead of silver 
oxide, have their halogens replaced by hydroxyl to form the hydroxy-acids, 
possessing not the same but the opposite direction of rotation (Walden, B. 80 , 
3x46). Similar " reversed rotations " can be observed among the simple amino- 
acids, such as alanine and leucine (q.v.) (B. 39 , 2885; 40 , 1051). . 

Asymmetric compounds pippared in the la]poj;atory from inactive substances 
are inactive. This results from the simultaneous formation in equal quantities 
of the two optical antipodes which manifest a tendency to combine to form the 
inactive, ph3rsically polymeric molecules. Asymmetric syntheses, i.e. the pre- 
paration of one active body from an inactive one without the intermediate 
formation of a racemic body, can, however, sometimes be effected, by combining 
the inactive compound with an active one and then carrying out the change 
which will produce the active substance sought: methyl ethyl xnalonic acid 
combines with the active alkaloid brucine forming an acid salt. f)n heating, COg 
escapes, and when the resulting brucine^ethyl acetyl acetate is decomposed with 
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hydrophloric acid, optically active methyl ethyl acetic acid is obtained (B. 87 , 
x.^8 ; C. 1906, I. 1613 ; II. 53). 

^ Racemic Bodies, — ^Thc typical substance, racemic acid, has given its name to 
all similar inactive mixtures of the two optical antipodes. The racemic sub- 
stance differs from its components ;|lso ii^that it forms crystalsswhich do not 
give rise to enantiomorphic modifications. The density of the racemic body is, as 
a rule, greater and its solubility less than the ‘corresponding active substances, 
but not always ; similarly there is no general rule for the relative position of the 
melting point. • 

When the crystalline form of an inactivt substance cannot be observed wits 
accuracy, as often happens, and when at the same time, the melting point lies lower 
than that of either of the optically active components, then doubt may arise 
whether it is a true racemate or a mixture of equal .quantities of the optical 
afitipodes.** A variety of tests can be applied. The melting point may be taken 
after a small quantity* o! one of the active conlponcnts has been added to the 
inactive substance. The composition may be determined, as well as the^ optical 
behaviour, of a concentrated solution of the inactive body as compared with that 
of a mixture of the inactive anil one active substance. If the addition of the 
active body causes a lowering of the melting point of the inactive substance, 
a change in the concentration and in the optical activity of the saturated solution, 
then the substance is a racemic one ; if, on the other hand, the melting point 
rises, and the concentration and inactivity of the solution are unaltered, then 
the inactive body is a mixture. 

The formation of a racemic substance is dependent on the temperature. 
Above or below its transformation temperaiure the body may be a racemic body 
or an .enantiomorphic mixture. The results of the above experiments hold good, 
then, only for the particular temperature at which they are carried out, and a 
series of experiments over a wide range of temperature is necessary to obtain 
a complete insight into the matter. 

These practical tests aje, in part, the direct result the considerations on 
heterogeneous equilibrium as put forward in Gibb’s phase rule (van 't Hoff, B. 81 , 
528 ; Ladenburg, B. 82 , 1822 ; Roozeboom, Z. phys. Ch. 28 , 494. etc. Also B. 83 , 
1082). 

Pseudo-racemic mixed crystals, although inactive, possess the form of the 
acti^ modifications, without, however, the hcmihcdric faces (J. Ch. S. 71 , 889 ; 
76 „ 42 ). 

RMolutlon of iDAotlve Carbon Compounds into their Optically Active Com- 
ponents. — The synthesis of optically active carbon compounds is • easily realized 
by direct methods, b£t''use it is possible to separate the dextro- and laevo- 
rotatory components in aSS^nactive molecule. The following methods, i, 2, and 
5, were employed by Pasteur (1848^ in his study of the racemates and racemic 
acid. This classic investigation supplies the firm experimental basis for the 
theory of stereochemistry or the space chemistry of carbon "^(p. 2^. 

Method I, based upon resolution by crystallization. — The substance itself, or 
its derivatives with optically inactive compounds, is crystallized at varying 
temperatures and from various solvents. In the case under consideration it 
is possible to'^ep^^rate two substances showing enantiomorphous hemihedrism 
by actually picking out those^crystals exhibiting the particular forms. Thus, 
from a solution of sodium ammonium racemate below 28" hemihedral crystals 
of sodium ammonium dextro- and laevo-tartrates can be obtained (B. 19 , 2148). 

Method 2, dependent upon tlee fq^mation of compounds with opHcaily acHve 
substances. — Pasteur succeeded' in separating d- and 1 -tartaric acids through 
their quinicine and cinchonine salts. This was because these, being no longer 
enairtiomorphous, were distinguished by their varying solubility, and so could 
be very easily separated from eCcL other. ^ 

Ladenburg first used the latter method to -resolve inactive bases by forming 
salts of the latter with an active acid. It was thus that he decompos^ synthetic 
inactive coniine (a-n-propyl piperidine) by means of dextro-tartaric acid into 
its active components, and coinpletcd the synthesis of the first optically active 
vegetable alkaloid— coniine — which occurs in hemlock (g.v.). 

The resolution of racemic substances does not ^always immediately result 
from the combmation with active bodies and the subsequent precimtation of 
the more iasolUDle of the new compounds. Under certain conditions ue racemic 
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body unitot, as such, with the added active body, forming a s§mi^rac$mic compound 
(such as strychnine racemate), which can only be decomposed into compound^ of 
its active components at a particular temperature {Ladenburg, B. 81 , 1969 ; 82 , 50) . 

Method 3, based on the formation of esters or amides between racemic and 
optically activh substances, — Racemic !handelic acid can be partially turned into 
the l>menthol ester, whereby the residue consists of an excess of 1-mandelic acid. 
If 1 -quinic acid be heated with rac. a-phenyl ethylamine, the dextro-rotatory 
acid, which does not take part in the amide formations, remains behind (B. 88, 
801). , 

Method 4. — Enzymes, such as maltase or emulsin, decompose racemic 
glucosides (E. Fischer, B. 28 , 1429). 

Method 5. — On introducing some suitable jEungus such as Penicillium glaucum 
into an aqueous solution of an inactive mixture, capable of resolution,^one mo(^- 
fication of the mixture will be destroyed during 'the life-process of the fungus ; thuft 
racemic acid yields l-tartaric acid, inactive amyl alcohol yields d-amyl alcohol, 
methyl propyl carbinol yields Umethyl propyl ^carbinol, propylene glycol yields 
Upropylene glycol, etc. ^ "• 

One fungus may leave an optical modification untouched which another may 
destroy. 

Penicillium glaucum or Bacterium termo will leave d-mandelic acid from the 
synthetic inactive racemic acid, whilst Saccharomyces ellipsoideus or Schisomycetes 
leave the 1 -acid untouched. For the literature of the resolution of racemic 
compounds, see Landolt, Optisches Drehun^svermdgen, etc., 2nd edition, p. 86, 
x888. , 

Carbon compounds, in which an asymmetric carbon atom is not present, 
could not^c decomposed by these methods (A. 289 , 164 ; B. 18 , 1394)* * 

/Conversion of Optically Active Substances into their Optically Inactive Modifi- 
cations, — Whilst soluble salts of optically inactive, resolvable carbon compounds 
may be resolved by crystallization under proper conditions of temperature, many 
others reunite to form a silt of the inactive body, espeiially if the latter dissolves 
with difficulty. Solutions of Isvo- and dcxtro-tartrate of calcium when mixed 
yield a precipitate of calcium tartrate, which dissolves with difficulty. The free, 
optically active modifications unite, as a rule, very easily when mixed in solu- 
tion, to fcAm the inactive decomposable modification, laevo- and dexjtro- 
tart^c acid yield racemic acid. The esters of these acids behave in a similar 
manner : laevo- and dextro-tartaric methyl esters unite directly and in solution 
to form racemic methyl ester (B. 18 , 1397). Also, in energetic reactions, or 
when heated, the active varieties rapidly pass into the inactive forms, e,g, dextro- 
tartaric at 175® yields racemic acid, and at 165® mes^UMlHaric acid. At 180® 
dex*tro- and laevo-mandelic acids pass into inactive mandSic acid. Some optically 
active halogen substitution products of carboxylic acids undergo auto-racemation, 
even at ordinary temperatures (B. 81 , 1416). * 

A correspondihg behaviour is observed in the decomposition of albumins, when 
heated with barium hydroxide, into inactive leucine, tyrosine, and glutamine, 
whilst at a lower temperature hydrochloric acid produces the active modifications 
(B. 18 , 388). ^or an experimental explanation of the transformatiim of optically 
active substances into their ina(ftive modifications, compare,.^. Werner in R. , 
Meyer's Jahrbuch der Chemie 1 , 130. • 

Magnetic Rotatory Power.* — Faraday, in 1846, discovered that trans- 
parent, isotropic, optically inactive bodies were capable of rotating the plane 
of polarized light when a column of the substgneow^as brought into the magnetic 
field, as, for example, when it was surrounded %y an electric current. The 
power of rotation only continued as long as thesn influences were active, and 
was reversed when the position of the magnetic poles were reversed; dhxs 
distinguished magnetic rotatory power from the* rotatory power of optically 
active carbon comj^unds. 

Specific magnetic rotatory power is the degree of rotation that the plane of 
polarization of a ray of light undergoes when it passes through a layer of liquid 
of definite thickness, exposed to the influence of c* magnet. The unit of com- 
parison is the rotation produced by a layer of water of the same temperature 
and thickness when exposed to the same magnetic field. 

i '■ 

* Graham-Otto, Lehrbuch der Chc^e, Vol. 1. part 3, p. 793, 1898. 
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Molecular Magnetic Rotatory Power. — ^This is the degree of rotation produced 

columns of liquids chosen of such a length that similar cross-sections will each 
ccmtain a molecular weight of the substance. The unit in this case can also be 
the molecular rotatory power of water. 

W. H. Perkin, Sr., has investigated tninutely the connection between the 
magnetic rotatory power and the constitution of carbon derivatives. Numerical 
relations between the increase of rotation and change of composition have been 
established for many groups of aliphatic and aromatic compounds (C. 1900, I. 
797 ) 1902, I. 621). Dcviation-o from the theoretical values are encountered 
particularly in the reactive benzene substitution compounds (see Table* J. pp 
Ch. [2] 67 , 334 ). 


7. ELECTRIC CONDUCTIVITY 

Substances which are Qapable of conducting electricity arrange 
themselves into two ‘groups ; conductors of the first class, or those 
which conduct electricity without undergoing any change, and 
conductors of the second class, known as electrolytes, in which con- 
duction is only possible through the agency of the ions in which 
the solutes separate when dissolved. The greater the conductivity 
of a substance the less is the resistance to the passage of the current ; 
in other words, the resistance is inversely proportional to the conduc- 
tivity. The unit of measurement of resistance is the ohm — the resis- 
tance of a column of mercury i"o6 metres long, and i mm. in crpss 
section, at o® C. 

Ostwald's investigations have demonstrated ^that the conductivity 
of electrolytes is intimately related to chemical affinity, and forms a 
direct measure of the chemical affinity of acids and bases. Therefore, 
the determination of the conductivity of electrolytes (in aqueous 
soltitionj, to which all organic acids and their salts belong, iS of great 
interest and importance for all carbon derivatives. 

Kohlrausch (Wied, A. 6, i) has suggested a very simple and accurate means of 
determining the conductivity of electrolytes, which has been extensively applied 
by Ostwald (J. pr. ChT'S^* 33 , 352 ; Z. phys. Ch. 2 , 561). (See also 

C. 1900, I. 577.) It is dependent on the application of alternating currents, 
produced by an induction cojl, <jo that the disturbing influence of galvanic 
polarization is avoided. • ^ 

The conductivity of electrolytes is not referred to the percentage 
content of their aqueous solutions, but (as the conductivity is deter- 
mined by The ^equivalent ions) to solutions containing ‘a gram-mole- 
cule, or a gram-equivalent of substance in one litre. This value is 
the molecular (or equivalent) conductivity of the substance (Z. phys. 
Ch. 2, 567). , ^ 

F. Kohlrausch and Holhorn, in their book, *'Das Leitungsvermogen der 
£l(|ktrolyte,'* refer the conductivity of a solution to a unit consisting of a column 
I cm. long, and i cm.* in section which has a resistance of i ohm. In this case 
the conductivity becomes 10,^00 times as great as the above. Also, they employ 
the gram-equivalent in place of the gram-molecule, and the cubic centimetre 
in place of the litre. 

The strong acids have the greatest molecular conductivity, and are followed by 
the fixed alkies and alkali ^Its. Most organic acids, on the contrary (e.g. acetic 
acid), are poor conductors in a free condition, whilst their alkali salts approach 
those of the strong acids in conductivity. The molecular conductivity increa^s 
by about 2 pfcr cent, per degree rise of temperature. It also increases witt 
increasing dilution, and in the case of ^he poor conductors it is far more rapid 
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than with the ^od conductors ; in both instances it ultimately approaches 
a maximum (limiting) value. With good conductors this is attained at a dili|;fcion 
of about xooo litres to the gram-molecule ; whilst with those poor in conducting 
power it is only reached when the dilution is indefinitely large. In fact, in such 
cases the coAductivity is practicall/Mndeterminable. 


An interesting observation in connection with the alkali salts of all 
acids is the variable increase of the molecular conductivity with 
. increasing dilution. This is trije both in the case of the strong and the 
weak acids (most organic acids belong to the latter class), and it varies 
according to their basicity. With sodium salts of monobasic acids, 
this increase equals from 10-13 units,*by dilution of 32-1024 litres for 
the equivalent of substance ; for the salts of djbasic acids Aom 20^35 
units, for those of the tribasic 28-31, fof those of the tetrabasic about 
40, and those of the pentabasic about 50 units. 

Thus it may be seen that the increa^ in conductivity of acids, in 
the form of their sodium salts, offers a means of determining the basicity 
and, consequently, the molecular magnitude of acids {OstwM, Z. phys. 
Ch. 1, 74, 97 ; 2, 901 ; Walden, ibid., 1, 530 ; 2, 49). 

If a certain quantity of an acid^ be neutralized with N/32 sodium 
hydroxide solution, and the conductivity of the neutral salt be measured 
before ^ind after dilution to 32 times its volume, the difference pf the* 
conductivities divided by 10 gives the basicity of the acid. 

Molecular conductivity has acquired still greater importance by its 
application to the measurement of the dissociation of the electrolytes ; 
it is at the same time the measure of the reactivity or chemical ajBuiity, 
first, of acids, then bases, and, finally, of salts. 

Arrhenius's electrol3rtic dissociation theory maintains that in 
aqueous solution the electrolytes are more or less separated into^heir 
ions ; this would give a simple explanation for the variations of solu- 
tions from the general laws of osmotic pressure, the depression of'the 
freezing poi;it, etc. (see p. 16). The dissociation is also manifest in 
\he molecular conductivity, for the latter is jjji^ctly proportional to 
tfie degree of dissociation, the number of fre'e ions and the speed of 
migration of the free ions. ^ • 

Molecular cbnductivity increases with dilution and dissociation. When the 
latter is complete, it attains its maximum (/xqo ). The degree of dissociation (m) 
(or the fraction of the electrolyte split up into ions) for any dilution is found 
from the rati<) of the molecular conductivity at this dilution {/i) tathe maximum ^ 
conductivity (for an indefinite dilution) : » • 

m=JL. ' 

Moo 


The latter (/too ) cannot be directly measured in the case of free organic acids, 
because most of them are poor conductors. Bht it can be obtained from the 
molecular conductivity of their sodium salts, by deducting from their maximum 
values the speed of migration of the sodium-ions (49*2), and adding those df the 
hydrogen-ions (352). * ^ 

Since the molecular conductivity depends upon the dissociation of the 
electrol3rtes into their ions, the effect of dilution must follow the same laws as 
those prevailing in the dissociation of gases. This influence of dilution or volume 
(v) upon the molecular conductivity, or the degTiee of dissociation (m) is, there- 
fore, expressed in -the equation : 

• ^ 

v(i— m)“ • f 

which represents the law of dilution advanced by Osiwald (Z. phys. Ch. 36, 270). 
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This law has been fully confirmed by the perfect agreement of the calculated and 
observed values (van H Hoff, Z. phys. Ch. 2 , 777). In the case of strong electro- ^ 
lytds, such as strong acids and bases, and most salts, the equation of Rudolphi 

is preferable to that of Ostwald, even though.it is empirical : k. 

The value, K, is the same at all dilutions for every monoba^c acid ; hence it is 
a characteristic value for each acid, and is the 'measure of its chemical affinity. 
The determination of these chemical affinity-constants by Ostwald for more than 
240 acids, has proved that they are closely related to the structure and constitution 
of the bodies (Z. phys. Ch. 3 , 170, 241, 369). Literature : see Walden (Z. ph3rs.* 
Ch. 8, 833). Affinity values of stereoisomeric compounds : Hantzsch and Miolatti 
(B. 25 » R. 844). 

Addendum : Determination of affinity-coefficients ; Conrad, Hecht, and 
I^rUckner (Z. phys. Ch. , 3 , 450 ; 4 , 273, 631 ; b, 289). Lellmann (B. 22 , 2101 ; 
A. 260 , 269 ; 263 , 286 ; 270 , 204, 208 ; 274 , 12 1, 141, 156). Nernst (R. Meyer's 
Jahrbuch 2 , 31). » 


HEAT OF COMBUSTION OF CARBON COMPOUNDS* 

•' The quantity of heat evolved in any chemical change is a measure 
of the total work, both physical and chemical, expended." The 
determination of the quantity of 'heat developed in complete combus- 
tion is alone adapted for the dctermihation of the energy content of 
' carbon compounds. • 

The heat of combustion of a carbon compound by the method bf 
Berthelot is determined by combustion with oxygen at a pressure of 
25 atmospheres in a calorimetric bomb, lined internally with platinum 
or enamel. Ignition is effected by means of an electric spark, or by 
the incandescent products of combustion formed by a thin iron wire 
heated electrically. • 

The method is so accurate that it can be employed for the detection 
of q^ite small quantities of impurity in an organic compound, the heat 
of combustion of which is known (J. pr. Ch. [2] 48 , 452 ; Z. f. angew. 
Ch., 1896, p. 486). * • 

On the basis of thL Hess-Berthelot principle : " The difference bf 
the heats of combustion of two.^chemically equivalent systems is equal 
to the heat development which corresponds to the .passage of the one 
system into the other " : it is possible, knowing the heat of combustion 
of a carbon compound to calculate its heat of formation. The heat of 
combustion of the compound is deducted from the sum pf the heats 
of combustion of its elements. 

The heat of combustion of methane equals 211-9 cal. 

„ „ diamond-carbon is 94 cal., and 

M „ hydrogen equals 69 cal. 

As the complete combustion' of methane proceeds according to the equation : 

, CH4 H- 2O2 = CO2 -I- 2HaO. 

then the heat of formation ofrtlis hydrocarbon/' at constant pressure, would 
be 20-1 cal. : * , 

94 4- (2 X 69) — 2Il'-9 = 20-1. 

* Ftaktische Anleitung zhr Ausfuhrung thermochemischer Messungen, 
Berthelot, translate into German by Siebert, 1893. Gruhdriss der allg. Thermo- 
chemie. Plank, ^893. Die Grundsatze der Thermodbeznie und ihre Bedeutung 
fhr die'theoretU^he Chemie, Hans Jahn, 2. Aufl. 1892. Grundriss der allg. 
Qiiemie, Ostwald, 1889. Meduiique chin^ue, Bwihaloi, IVtfis, 1879. 
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Tha developmeat of methods for tl!e determinatioii of the heats of oombustioii 
is due to the investigationa of Favre and SUbermann, Thomsen, StohmaoMit and 
particularly of Berthelot. Stohmann especially determined the heat of dbm- 
Dustion of numerous carbon derivatives, and published a tabulated account of' 
the heats of combustion of organic biddies, made from 1852-1892 (Z. phys. Ch. 69 
334 ^ 10 , 410 )- 

The regularities thus far observed are as follows : With the hydrocarbons of 
the paraffin and olefine series the constant difference of CH2 in composition corre- 
sponds to a constant difference of 158 cal. in the heat of combustion. Similar - 
relations occur in other homologous* series. 

The heat of combustion of the two isomeric propyl alcohols is almost the same, 
consequently in the case of similar linkage-relations position-isomerism is without 
influence upon the heat of formation and the^heat of combustion. The difference 
of 6 cal. in the heats of combustion of fumaric acid (32o*f cal.) and tnale'ic afiid 
(326-3 cal.) is more striking if we grant similar linkage-feCEitions in the two acids, 
as is done by those who consider the difference between these two acids to be 
solely a stereochemical one. , 

The passage f^om a double linkage to two single linkages, as well as from a triple 
union to three simple unions is accompanied by considerable loss in energy. The 
relation of the heats of combustion of aromatic substances to their hydride 
derivatives is noteworthy. The differences of the heats of combustion of the 
dihydrobenzenes and their corresponding unaltered benzenes is considerably 
greater than the difference of the heats of combustion of the corresponding 
tetrahydro- and dihydro-benzenes. It is 'to be noticed that there appears to 
exist a quite small thermal difference 'between the olefine carboxylic acids and the 
tetramethylene dicarboxylic acids, as, for example) acrylic and tetramethy- * 
Jene dicarboxylic acids, cinnamic and truxillic acids (Z. phys. Ch. 48 , 345), 
as^is also the case of the hexahydro- and tetrahydro-benzene derivatives. As 
to the contradictory conclusions which have been deduced from these facts in 
regard to the manner of i>nion of the carbon atoms in t]^e benzene ring, see A. 278 , 
115 ; B. 27 , 1065 ; J. pr. Ch. [2] 48 , 452 ; 49 , 453. 

The var5ring stability of the tri-, tetra-, and penta-methylene rings referred by 
Baeyer to the varying ring-pressure (see the introduction to the carbocyclic 
compounds) is indicated in the heats of combustion, whilst no difference 
could be detected between the penta- and hexa-methylene rings. As an ex^ple 
as to how far observations upon the mentioned carbocyclic compounds caq be 
applied to deductions upon constitution, it may be cited that the heat of combus- 
tion of camphoric acid excludes the assumption of a tri- or tetra-methylene ring, 
but indicates tne likelihood of the presence of a penta- or, il^xa-methyleqe ring in 
camphor (J. pr. Ch. [2] 45 , 475 ; A. 292 , 125). 


ACTION OF HEAT, LIGHT, AND ELECTRICITY UPON 
CARBON COMPOUNDS 

I. ACTION OF HEAT 
• 

Substances which react most energetically upon each other do not 
do so at very low temperatures {Raoul Piquet, Arch. d. Scienc. phys. et 
nat., Geneva, 1893), even when subjected to the greatest press^e, and 
when their molecules are in most intimatencontact. A definite ^pm- 
perature is essential for |the occurrentje^ of chemical action. The 
energy of a reaction, the time within which it proceeds, is largely 
dependent on the temperature of the reacting substances, therefore 
the determination of the most favourable temperature for the 
reaction is important. It must be reffiembered that the heat 
developed in chemical changes frequently increases the initial reaction- 
temperature rapidly to the point of decomposition. |n such ca^ 
the violence of the reaction must-be moderated by cooling or by the 
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i|se of indifferent diluents, in which the substances acting upon each 
other must be dissolved before the reaction occurs. 


The action of chlorine upon toluene {q.v.) or upon methyl toluene shows par- 
ticularly weU how much the kind and natuil; of the action is dependent upon the 
temperature. At the ordinary temperature the chlorine substitutes the hydrogen 
of the phenyl residue, whilst at the boiling temperature it is the hydrogen of the 
methyl group which is replaced ; 


C,H,.CH,-^<^ ““P- 


At iT3*-iii* 


CgH^Cl.CH, 


C,H,.CH,C 1 . 


Numerous analogous observations are known. 


In general, carbon compounds are much less stable undei the 
influence of heat than, the inorganic bodies. When the qualitative 
examination of organic bodies was discussed, mention was made of 
the fact that many carbon compounds were decomposed under the 
influence of heat with the separation of carbon. 

Other compounds, when heated at the ordinary temperature, re- 
arrange themselves without alteration of their molecular magnitude, 
whilst some polymerize. Compounds, volatilizing undecomposed at 
f ordinary pressure, may become decomposed when their vappurs are 
conducted through tubes heated to redness, or by contact with metallic 
wires rendered incandescent by the electric current (C. 1901, 11, 1042) ; 
as a rule, new bodies are then formed accompanied by partial 
carbonization. The splitting-off of hydrogen, "the halogens, haloid 
acids, water, and ammonia leads to a more intimate union of t,he 
already combined carbon atoms, and carbon atoms which previously 
wer^ not united with one another not infrequently combine^ to yield 
carbocyclic and heterocyclic bodies : pyro-condensations result (B. 11, 
1214). 

In the special part of this volume, such results fron\ heat action 
will be* so frequently; encountered that it becomes unnecessary tb 
present examples at thik time (comp, ethyl alcohol and chloroform). * 

It may suffice to mention coal tar, which contains the liquid bodies 
formed by the decomposition of coal under the* influence of heat. 
This material is of the greatest importance both in the development 
of scientific, theoretical organic chemistry, as well as for technical 
chemistry (v.oal-tar industry). It is mainly composed oi carbo- and 
heterocyclic confpounds, stable under the influence of heat : 


CjHg 

Benzene. 


C4H4S 

Thiophene. 


CioHg ^14^10 

Naphthalene. Anthracene, Phenanthrene. 

C,H,N, ' C,H,N C„n,N 

Pyridine. Quinoline and Isoquinoline. Acridine. 


2.'*AfeTION OF LIGitr 

light exerts a great influence upon carbon compounds. The well- 
known reactions of this kind in the field of inorganic chemistry have 
corresponding cases in the province of organic chemistry. 

Light is able to bring about the decomposition, the rearrangement, and ^e 
ffynthesis of cai^n bodies. Just as the haloid salts of silver are decomposed with 
s^airation of silver, so, too, the Myf iodides separate iodine under the influence 
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of light. Hence th&r colourless solutions gradually become yellow and finally 
dark brown in colour. Ethyl mercuric iodide breaks down into mercurous iodide 
and butane. Experience shows that many other carbon derivatives decompoie 
more or less rapidly when they are exposed to sunlight, hence they must be 
preserved in t^ dark or in vessels of Jbrown coloured glass, which absorbs the 
chemically active rays of sunlight. It is technically important that an organic 
dye should resist the influence of light ; most of them are not fast colours, but 
are bleached by light. 

Of the decomposition-reactions produced by sunlight mention may be made of 
the change undergone by succinic acii\ when mixed with uranium oxide ; it loses 
carbon dioxide, and propionic acid results (A. 133 , 253) : 

CO,H.CH,.CH,.CO,H=CO,fCH,.CH,.CO,H. 

Solutions of tartaric aoid and citric acid, when mixed with uraniupi oxidc„ 
are similarly decomposed by sunlight (A. 278 , 373)- » 

An aqueous solution of acetone is partially hydrolized by sunlight into acetic 
acid and methane (B. 36 , 1582). 

Mercury oxalate is decomposed by light into CQ, anof mercury ; if ammonium 
chloride be present, calomel is formed. A similar reaction is the following : — 

2HgCla+C,04(NH4),=HgaCl,+2C0,+2NH4Cl. 

Sunlight often acts as a polymerizing agent. Solid anthracene, in the form 
of a vapour or solution is polymerized by sunlight or the light of a carbon or 
mercury arc lamp into dianihracene, a change which is completely reversed in the 
dark (Z. phys. Ch. 53 , 385). For simil^ cases of phototropy see B. 37 , 2236. 

Finely divided cinnamic acid changes in sunlight to the dimeric modification 
truxillic acid, which returns to the simpler form under the influence of heat ; 
cinnamylidene malonic acid behaves in the same way (Z. phys. Ch. 48 , 345). 

F^or the polymerization of hemal dehyde see B. 36 , 1573. 

Geometric isomers (alloisomers or stereoisomers] are frequently changed into 
their stable forms by sunli^t ; for instance, maleic acid,into fumaric acid (B. 36 , 
4267), allocinnamic acid into cinnamic acid ; an^i-oximes into syn-oximes (B. 36 , 
4268 ; 37 , 180). 

The combination of carbon monoxide and chlorine, forming carbonyl chloride 
or phosgene •{Davy) is analogous to the complete union of hydrogen and chlori qp . 
forming hydrogen chloride, and of benzene and chlorine or bromine to form 
hexa-chloro- or hexabromo- benzene, in sunlight : - 

H,-|-Cl2=2HCl; CO+Cl,=COClj; C,H.+3Cl,=C,H*Cl4. 

•The action ol chlorine upon methane (p. 72), formaldehyci^ (B. 29 , R. 82 ), and 
otheT carbon derivatives which can be substituted, is mu**!? influenced by sunlight. 

The experiments conducted by Klinger show that the chemical action of sun- 
light is susceptible of more extended applicatioA than it has yet found, and that 
compounds can be, prodftced by it, which could only be prepared in the ordinary 
chemical way by most powerful or highly specialized means. He found that 
ethereal solutions of benzoquinone, benzii, and phenanthraquinone are reduced, 
with the formation of aldehyde. Further, that acetaldehyde, isovaleraldehyde, 
and benzaldehydft unite, under the influence of sunlight, with phenantfiraquinone,^ 
in accordance with the equation (A. 249 , 137) : ^ ' 

c.H^.co c,H4.co!cor 

I I -l-RCHO==l II 
C.H4.CO CeJi^.COH. 

Isovaleraldehyde and benzaldehyde also unite directly with benzoquinone, 
but in a still more striking manner, in that a nucltfus-synihesis (p. 75) results. 
With benzaldehyde the reaction f>rocecds as follo;;^'^ — 

C,H40,-1-C.H5.C0H=C,Hj.C0.C.H3(0H), 

Benzo- Benz- Dibydrozybenzophenonc — isomeric with the 

quinone. aldehyde. expected Monobenzoyl Hydroquinone. 

Sunlight reduces a carbonyl group in alcoholic sokition, and at the same time 
the alcohol becomes oxidized to aldehyde, as for instance, benzophenone and ' 
acetophenone yield the corresponding pinacones ; quinone oxidizes glycerol to 
glycerose, erythritol to erythrose, mannitol to mannitose, dulcitol/to dulcitose, 
deztme to dextrosone, whilst in each case the quinone changes to quinhytome. 
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Aromatic nitro-bodies readily give their oxygen to aicoholic or aldehydic 
^'groups under the influence of sunlight : nitrobenzene and alcohol give aniline and 
cfjin^dine ; nitrobenzene and benzaldehyde yield a mixture of benzoic add, 
nitrosobenzene, /9-phenylhydroxylamine and products of further interaction; 
o-nitrobenzaldehyde chamges completely into o>nitrosobenzoic acid; o-nitro- 
benzal aniline gives o-nitrosobenzaii^de, and so on {Ciamician and Silber, B. 87 , 
34Z5; B. 88, 1176. 3813). 

o-Nitrobenzylidene acetophenone in ethereal solution is changed by sunlight 
to indigo and benzoic acid {Engler and Dorant, B. 28 , 2497) = 


2C,H4 


[1] C 0 CH=CH.C,H 5 

[2] NO, 


[2] NH-" \NH [2] 


C,H4+2C,H5C0,H 


' The ^tudy of these reactions is specially important in the interpretation of the 
chemical changes occurring in plants. 


3. ACTION OF ELECTRICITY 

Some of the reactions induced by the aid of electricity possess 
great value for synthetic organic chemistry. The only method 
which will cause the union of free hydrogen with free carbon, consists 
in the action of the electric discharge upon the two elements. Bertheloi 



showed that carbon and hydrogen combined to fprm acetylene on the 
passage of the electric spark between carbon points id an atmosphere 
of hydrogen : 2C+H2=CH=CH. Small quantities of methane CH4, 
and ethane C2Hg were also present, as was found later (C. 1901, II. 
576). Fig. 10 represents the apparatus irt which this important synthesis 
was carried out (A. chim. phys. ; [4] 18, 143 ; B. 23 , 1638 ; C. 1897, 
1. 24). 


Acetylene and nitrogen (A': 150 , 60) as well as cy^ogen and hydrogen, unite 
to yield hydrocyanic acid under the influence of electric discharges (C. r. 76 , X132) ; 
and carbon monoxide and hydrogen form methane (Brodie, A. ito, 270). 

CH (TN. ^ 

||H-N,-2HNC; I 4 -H 4 = 2 HNC; CO+3H,*CH4+H,d. 

CH CN 


' An important application of the heat derived from electricity is the prepara* 
tion of the carbides in the^ielectric furnace (Mcissan),* where temperatures of 
about 3000* can easily be reached. Calcium and aluminium carbides are of the 


• Per elel^rische Ofen, H, Moissan, 


translated into German by Zettel, ZQOO. 
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graatedt significance 'to organic chemist, because water liberates frozni them 
acetylene and methane respectively (comp. p. 67). 

Other thermal reactions can also be efiected« such as passing the vapours oi 
carbon compounds over a metallic spiral heated to incandescence by an electric 
current (C. X90i> 11 . 1042 ; see also B. '^8» 3350). 

Kolbe decomposed the aqueous solutions of the potassium salts of monobasic 
carboxylic acids, especially potassium acetate, by the electric current, and thus 
prepar^ dimethyl or ethane. The following equation represents the electrolysis 
of potassium acetate : — 

t ** + - 

"Hojk CH, CO, KOH H 

ClI,iCOjx'*'HOiH “ CH,'*^C0,'*'K0H'*^H 

» ■* • 

KektdJ applied this reaction to the saturated dicarboxylic acids, e.g, succinic 
acid, and later he and Aarland extended it to the Vinsaturated dicarboxylic acids : 
fumaric acid, maleic acid, mesaconic acid, citraconic acid,*and itaconic acid (A. 131 , 
79 B J- pr. Ch. [2] h, 256 ; 7 , 142 ; comp. C. 1900, 1. 1057 ; II. 171), with the pro- 
duction of the unsaturated hydrocarbons, ethylene, acetylene, and allylene. Kolbs 
and Moore obtained ethylene dicyanide from cyanacetic acid (B. 4 , 519). 
Crum Brown and J. Walker included the potassium salts of the acid esters of the 
dicarboxylic acids among these reactions, and obtained the neutral esters of 
dibasic acids, e.g. potassium ethyl malonate yielded succinic diethyl ester (A. 261 , 
107 ; B. 24 , R. 36 ; A. 274 , 41 ; B. 28 , R. 369. 380). In the electrolysis of an 
alcoholic solution of sodium malonic diethyl ester Mulliken obtained ethane 
tetracarboxylic ester (B. 28 , R. 450). • 

/. Miller and Hans Hofer showed that by electrolysis of potassium acetate 
and potassium ethyl succinate, butyric ester is formed (B. 28 , 2429). Mulliken 
obtained ethane tetracarbqxylic ester by electrolysis of an alcoholic solution of 
sodium malonic diethyl ester (B. 28 , R. 450). • 

Hamonet obtained the diamyl ether of butane-diol by the electrolysis of the 
amyl ether of potassium ^-hydroxypropionate (C. 1901, I. 613). Rrom the salts 
of ketocarboxylic acids, either alone or mixed with acetates, Ho/er obtained by 
electrolysis ketones and diketones : p3n:t>racemic acid yields diacetyl ; laevulinit* 
acid gives octane-2, 7-clione, pyroracemic acid and acetic acid yield acetone 
(B. 88, 650). 

Hydrogen, generated by electrolysis, is a valuable means for reducing organic 
substances, as its action can be varied according to the liqui^, current, voltage, 
cathpde material, etc., employed for the particular requirem.ents of the expeAment. 
Aromatic nitro-^dies can be changed into their various reduction products — 
/3-phenylhydroxylamines, aminophenol. azoxy-,azo- or hydrazo-bodies, or into 
anilines (B. 28 , 2349 ; 28 , 1390 ; 38 , 3076). Man^ substances which are difficult 
to reduce by chemical methods, such as carboxyl groups in ketones, carboxylic 
acids and their esters, lactams, dicarboxylic acid imides, and others, can easily 
be reduced to CHOH or CH, groups in sulphuric acid solutions with cathodes 
possessing a high ** supertension " (Cd, Hg, Pb) {Tafel, B. 88, 2209J 87 , 3187, 
etc. ; A. 848 , 199)- 


THE DIRECT COMBINATION OB CAilBON WITH OTHER 

ELEMENTS 

• 

Before dealing with th? systematic dajssification of the carbon 
compounds, some remarks may be made, by way of introduction, on 
^ the direct combination of carbon with other elements. Carbon and 
its various allotropic modifications are degf:ribcd in text-books on 
inorganic chemistry, but its affinity to other elements may well :be 
discussed here also, since *from the substances formed the ^numeralide 
> compounds in organic chemistry are derived. 
vou I. 
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With one exception the combining power of carbon becomes 
(operative only at high temperatures. In the finely-divided form of 
soot, carbon will combine with fluorine, to form tetrafluoromethane 
or carbon tetrafluoride < ( 

C+2F,=CF4. 

Combination with hydrogen or chlorine can only be brought about 
under the influence of the electric arc, when carbon and hydrogen unite 
to form acetylene, the most reactive of all hydrocarbons, together with 
a little methane (p. 64) : 

2C+Hj=C,H,.‘ C+2H,=CH4; 

*■ !• . 

and chlorine and ' carbon combine to form hexachlorethane and per- 
chlorobenzene : 

2C-{-3t^ia~^ipi€ » 6C+3Clj=C4Clg. 

Oxygen unites with carbon, producing carbon monoxide and carbon 
dioxide or carbonic acid gas : 

C+ 0 =C 0 ; C+ 0 ,=CO*. 

Which of these two substances *s formed depends on the temperature of re- 
action. At very high temperatures only Carbon monoxide is formed, the dioxide 
beii^^ produced below this. The affinity of carbon for oxygen is so great that at 
sufficiently high temperatures the most stable oxides give up their oxygen, so that 
carbon becomes the most important reducing agent for technical purposes. ' 

Sulphur combines with carbon at liigh temperatures in only one 
proportion forming carbon disulphide — the sulphur analogue of the 
anhydride of carbonic acid : 

C+Sa-eSj. 

, Carbon, nitrogen, and hydrogen combine together when a mixture 
of nitrogen and hydrogen is passed between carbon poles of an electric 
arc, forming hydrocyanic acid, a reaction which possibly depends ^on 
the primal y formation of acetylene : 

C+N+H-IINC. 

or 2C-l-2H^C,Ha and C4H3+N4=2HNC. 

Similarly, carbon, nitrogen, and potassium or sodium, combine at 
high temperatures to form potassium or sodium cyanide. This re- 
action may also depend on the primary formation of jwtassium or 
sodium acetyhde, followed by subsequent union with nitrogen. Or 
a metallic nitride may first be formed wliicli then combines with carbon 
to produce the cyanide. 

At very high temperatitfes CTarbon exhibits the capacity of combining 
directly with many elei^ents of a metallic character to form carbides. 
E^en in the early days the formation of iron carbide was proved to 
take place by the action 6f carbon on molten iron. 

However, pure iron carbide is not known, but it appears that carbon combines 
with iron in various proportions. This is supported by the generation of a 
mixture of hydrocarbons wb!ln such a specimen of iron is dissolved in acids. 

Carbon ^unites with the metals of the alkaline earths, calcium, 
strontium, and barium, in only one proportion. Such a carbi(te 
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can be considered as being a metal-acetylene compound, which 
generates the gas on contact with water. It is prepared by the 
reduction of the oxide of the metal by carbon in the electric furnace : 

I » 

2C -|-Ca(Sr. Ba) =C,Ca(Sr, Ba) . 

Aluminium carbide, similarly prepared, gives off methane in contact 
with water : 

3C 4 " 4®^^ 

Beryllium carbide also yields methane ; manganese carbide generates equal 
volumes of methane and hydrogen ; the carbides of cerium, lanthanum, yttrmm, 
samarium, CjMe, give acetylene and methane; uranium carbide, CjUj yields 
methane, hydrogen, and ethylene ; whilst the last-najned* carbides also yield 1 
considerable quantities of fluid and solid hydrocarbons (C. R. 122 , 1462, etc.). 

Whilst the carbides of the enumerated met!ils give off hydrocarbons when 
treated with acids or water, the carbides of boron, silibon, titanium, zirconium, 
vanadium, tungstdhand chromium are extraordinarily stable and unusually hard; 
so much so that silicon carbide is employed, under the name of carborundum, in 
boring and polishing. The last three carbides are so far useless in the building 
up of carbon compounds. 

The most important substances wljich have been formed by the 
direct union of carbon with other elements are : 


Acetylene 

. . C,H, 

Calcium Carbide . . . . 

CoCa 

Methane . 

cii^ 

Aluminium Carbide 

C3AI4 

Carbon ^Monoxide 

• CO 

Carbon Dioxide . 

COj 

Carbon Disulphide 

eSa 

Hydrocyanic Acid 

HNC 

Potassium Cyanide 

KNC. 


These bodies arc examples of widely different classes of organic com- 
pounds ; methane and aluminium carbide are found at the head of the 
paraffin or acj'^elic saturated hydrocarbons, wliilst acetylene and c^cium 
carbide occupy a similar position among the unsaturated acyclic 
hydrocarbons possessing a triple bond between two carbon atoms. 
Carbon monoxide, hydrocyanic acid and peftassium cyanide belong to 
the formic acid §roup of bodies which take the lead among the paraffin 
monocarboxylic acids of the acetic acid series ; carbon dioxide and 
disulphide are among the carbonic acid groups which are the first 
of the paraffin ^icarboxylic acids. 

Of all these simple comp(mnds of carbon, the most important is 
carbon dioxide, which forms the basis for the formation of the carbo- 
hydrates and fats during the process (jf a^imilation in the vegetable 
organism ; and also of the proteins when nittogen is taken up. 

Since chemists have not yet succeeded in imitating in the labora- 
tory the synthetic methods <if plants, a larg|e^nd increasing number of 
methods have been provided for linking together simple organic 
molecules for the construction of substances of complicated composi- 
tion. These methods (see Synthetic Methods. Ring Formation, p. 75) 
depend partly on double decomposition, similar to the interaction of 
inorganic salts, but mairdy on the property of one unsaturated 
molecule (p. 23) to unite with another ; on reactions brcfcght about 
by the agency of metals, especiall^^ Na, Mg, Al, Zn, Cu, or suitable 
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compounds of them ; on the influence of acids ; and finally on rise of 
temperature, on sunlight or on electricity (pp. 61-65). 

CLASSIFICATION OF THE CARBON COMPOUNDS. 

The chemical union of the carbon atoms and the resulting character 
of the groups is the basis ot the division of the carbon compounds into 
two principal classes : the fatty or aliphatic substances (from a)uuf>ap, 
fat) — the chain or acyclic car^ 07 t derivatives or the methane derivatives, 
and th^ cyclic compounds of carbon. 

The name of tlic first class is borrowed from the fats and fatty acids 
comprising it, which were tlwj first derivatives to be studied accurately. 
They may be termcd«tlie marsh gas or methane derivatives, inasmuch 
as they all can be derived*ul(imately from methane, CH4. They are 
further classified into saturated and unsaturated compounds. In the 
first of these, called also limit compounds or paraffins, the directly 
united quadrivalent carbon atoms are linked to each other by a single 
bond, so that the number of gffinitics still remaining to be satisfied 
in a chain of n carbon atoms is 2n-Y2 (p. 23). Their general formula 
is, therefore, expressed in the form C'„X2n+2» where X represents the 
affinities of the elements or groups directly combined with carbon. 
The unsaturated compounds result from the saturated by the loss of 
an even nurnl)er of affinities in union with carbon. According to the 
number of affinities ^et capable of saturation, the series are distin- 
guished as C„X2«, C„X2«.-2, etc. 

The methane derivatives contain open carbon chains, the cyclic 
'^derivatives contain closed carbon chains, or rings. When cafbon atoms 
aJone constitute the ring, the resulting bodies are designated carho- 
cyclic compounds. 

Especially important among these cyclic compounds, are those in 
whiefl the ring contains six carbon atoms with six free valencies, ^rom 
these are derived substances which Kekule named the aromatic com- 
pounds or benzene derivative^. 

The importance of this group has gained for it a special position in 
the chemistry of carbon derivatives. Compared with the aliphatic 
compounds, they show sucJi great differences in chemical behaviour 
that the]7 were formerly regarded as a second and distinct class of 
organic bodies. • 

With the advances in organic chemistry, numerous compounds were 
being constantly discovered which contained carbon atoms united in 
a closed ring, but which approached the fatty bodies more closely 
t]^an the aromatic deri\iatives in chemical behaviour. In the so-called 
hydroaromatic compounds^the more pairs^f hydrogen atoms which are 
attached to the benzene nucleus in them, the nearer they resemble, in 
chemical character, the aliphatic derivatives. Even more closely allied 
to the latter are those substances which contain a ring consisting of 
three, four, or five carbdn atoms — 

the trimethylene dtnvziiives, 
tetramethylene derivatives, 
peniamethylene derivatives. . 
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These constitute the passage from the aliphatic bodies to the hydro- 
aromaUc compounds, with which the aromatic derivatives are so closdy 
connected. 

There are many carbon confpounds containing “ rings/' in the 
formation of which not only carbon atoms, but also oxygen, sulphur, 
and nitrogen atoms take part. 

Such bodies have been termed heterocyclic compounds (from mpos, 
foreign). These derivatives will mainly be discussed at the conclusion 
of the remarks on the open chain bodies, from which they are derived 
by loss of water, hydrogen sulphide, or ammonia, and into which they 
can again be changed. A large class of heterocyclic bodies — ^morfe^ 
^ especially of the thiophene, Jufurane, and pyrrole groups, the parent 
substances of the plant alkaloids : pyricline, quinoline, isoquinoline, 
etc. — ^like the aromatic bodies, possess a vory stable ring. In the case 
of many heterocyclic bodies the open chain compounds, from which 
they may theoretically be deduced, do not actually exist. Therefore 
such heterocyclic compounds will be more conveniently discussed after 
the carbo- or isocyclic derivatives. Thus, the chemistry of the com- 
pounds of carbon may be divided into*: — 

I. i^atty Compounds : Aliphatic compounds, methane derivatives, ■ 
chajn or acyclic carbon derivatives. 

11. Carbocyclic Compounds. 

III. Heterocyclic Compounds. • 

1. FATTT COMPOUNDS, ALIPHATIC SUBSTANCES OR METHANE 
. DERIVATIVES, CHAIN OR ACYCLIC CARBON DERIVATIVES^* 

I. HYDROCARBONS 

The hydrgearbons may be regarded as the parent substances from 
whjch aU other carbon compounds arise by the replacement •of the 
hydrogen atoms by different elements or groups. 

The fundamental conceptions of the 4 inking of carbon atoms were 
put forward in the introduction. We distingukli, therefore, (i) saturated 
and (2) unsaturated hydrocarbons. The first contain only singly linked 
carbon atoms, whilst the unsaturated contain pairs of carbon atoms 
united doubly and trebly. As the first series has attained ^he limit of 
saturation by hydrogen, they are frequency called the limit hydro- 
carbons, or, after the first member of the series, marsh gas — ^the 
methane hydrocarbons. They are not very reactive, and are very stable ; 
hence their designation as paraffins (freftn pofam affinis). 

A. Saturated or Limit Hydrocarbons, Paraflfhs, Alkanes,^ Marsh Eas 
or Methane Hydrocarboisf Cnl^ 2 »»+a. 

Nomenclature and Isomerism. — In consequence of the equivalence 
of the four affinities of carbon (see p. 21), no isomers are possible for 
the first three members of the series 

CH. .CH,-CH, CH,-CH.-CH.. 

Methane. Etliane. Propane. 


* Xhii word is 8 e|<^om met with.— Tr. 
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Formerly these hydrocarbons were designated the hydrides of uni- 
valent radicals — ^liydrocarbon residues or alkyls : methyl, ethyl, 
propyl, etc. Combined with the water residue or hydroxyl, they 
yielded the alcohols C^Hg^^iOH. Yhey were at first Obtained from 
compounds of these rascals with other elements or groups: hence 
the names methyl hydride for methane, ethyl hydride for ethane, etc. 
The first known and most, readily obtained derivatives of the alkyls 
were their hydroxyl derivatives or the alcohols, e.g. C2H6OH, 
ethyl alcohol, and their halogen compounds. 

At the suggestion of ^ 4 . Wi Hofmann their names were formed later 
by replacing the final syllable “ yl ” of the alkyls by the final syllable 
“ ane,” so tliat meihathe was used for methyl, ethane for ethyl, propane 
for propyl, etc., and for the* homologous series the name alkanes was 
adopted. 

Two structural isomers exist for the fourth member, C4H10: 

/CH3 

CH,— CHa— CHg— CH, and CH'v;-CH3 

Noiiiiul Butane. 

Triinethyl Methane 
(Isobulane). 


In the name tri methyl methane for isobutane, isomeric with normal 
butane, it is indicated that this substance is derived from methane by 
the replacement of three hydrogen atoms by three methyl groups. 

For the fifth member, pentane, C5H22, three isomers are possible ; 


CH,— Cn a~CTI a— CH,— CH, 

Normal IViitaiic. 


/CII. 

CH( CH, 

\CH, . CH, . 

Dimethyl Ethyl Methane. anu 


CH,. /CH, 

/C/ Tetramethyl Methane. 

Cll/ CHa , ^ 

The number of theoretically possible isomers now increases rapidly. 
Hexane, CeHi4, has 6 isoniers ; heptane, C7H20, 9 isomers ; octane, 
CgHis, 18 isomers; tridedahe, C13H28, 802 isomers.^ On the calcu- 
lation of the number and nature of the isomeric paraffins, see Ch. Z. 
1898. 1. 395. 

Commencing with the fifth member, the names arg formed from 
the Greek words representing numbers. 


The " Geneva Convention ** recommends the retention of the ending " ane/' 
as first suggested hy A, W. Hofmann (J. 1865, 413), for the hydrocarbons CnHan+a- 
The hydrocarbons with branched ^arbon chains axe considered as being alkyl 
substitution products of the^ normal hydrocarboiiS already contained in their 
formulas, and the carbon at^uns of this normal hydrocarbon are numbered. The 
numbering is begun with that carbon atom to wl^ch the side-chain is adjacent : 

(1) (a) ( 3 ) '*( 4 ) ( 5 ) 

CHa.CH.CH,.CH,.CH3=-[Mcthyl-2-pentane]. 

CH, 

■ H 

The carbon atoms of a longer substituting radical are also numbered, and, 
indeed, withAwo numbers : the first, indicating the*place where the side-chain is 
attached to the normal chain ; and the second, beginning with the carbon atom 
which is joined to the main chain as number one. 
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Should a farther alcohol radical attach itself to the middle carbon atom of 
the side-chain, then the expressions for the substituting radical are metho-, 
etho-, etc., instead of methyl-, ethyl-, etc. : • 



(3) (4) (5) ( 6 ) VM 

CHj.CH.CH,.CH,.CH,=[Metho-4i-ethyl-4-heptane]. 


( 4 i)CH—CH, 

(4*)CH, 


The variation in structure of the carbon chain, or carbon nucleus, is 
the cause of isomerisiii in the paraffins. This type of isomerism is 
called chain- or nucleus-isomerism (p. 27). , 

Methods of Formation and Prop^ies of the Paraffins. — 
The saturated hydrocarbons are formed in the dry distillation of wood, 
peat, bituminous shale, brown coal, coal,* particularly the boghead 
and cannel coal rich in hydrogen ; hence they are present in illumina- 
ting gas and in the light oils of coal-tar. They occur already formed 
in petroleum, particularly in that from America, which consists almost 
exclusively of them, and contains most, members from methane to the 
highest. It is difficult to isolate the individual hydrocarbons frpm 
such mixtures. Before advancing to the general methods used iij the 
preparation of the f)araffins — methods by which each separate member 
ran be easily obtained in pure condition — ^it will be best to discuss 
the tw^o ii iportant boc^es, methane and ethane. 

(i) Methane, CH4, Methyl Hydride, m.p. —•184° ; b.p.yeo — 164° ; 
D.=8 (H=i), or 0-555 (air=i) (C.r. 140 , 407), is produced in the 
decay of organic substances ; it is, therefore, disengaged in swamps 
(marsh ga^>) and mines, in wliich, mixed with air, it forms fire-damp, .r* 
In certain regions, like Baku in the Caucasus and the petroleum 
districts of America, it escapes, in great quantities, from the eartlh. 
It^is also present, in appreciable amount, in illuminating gas. 

* Jhe synthesis of methane, the simplest hydrocarbon, from wHich all 
the fatty bodies may be derived, is particularly important. By the 
synthesis of a carbon compound is understood its formation from the 
elements, or fft)m such carbon derivatives* which can be obtained 
from the elements. Under proper conditions hydrogen and carbon 
may be directly combined, with the production of acetylene CIECH 
(p. 64), together with only a small quantity of methane. The latter 
can be obtained (i) from carbon disulphide CS2 (which may also be 
made directly from its constituents) if the vapours of this volatile 
substance, mixed with hydrogen sulphide be passed over red-hot 
copper (Berthelot) : * • 

C-f-2S=CSj \ CSj4-2HjS-|-8Cu=®CH4-|-4CU|S. • 

Or (2) the carbon disulphide may^e converted by tAi>>rine into carbon tetrachloricfc 
CCI4, and this reduced, by nascent hydrogen (sodium amalgam and water) : 

CS,-^3Cl,=CCl4-^-S,Cl, ; CCl4-h8H==CH4-f4HCl. 

(3) Methane is also formed from carbon monoxide and hydrogen, if Ae 
mixture of gases be exposed in an induction tube to the action of electricity 
(p. 66), (A. 169 , 270}, or is led over freshly reduced nickel (C.r. 184 , 5^4) : 

aC+04-2CO ^ 0 -|- 3 Hi-CH 44 -H, 0 . 


i 
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H (4) Aluminium carbide is decomposed, in the cold, by water, forming methane 
and aluminium hydroxide (B. 21 , R. 620 ; 29 , R. 613) : 

CsAl4+i2HaO=3CH4+2Al,(OH)e. 

(5, 6) Methyl alcohol, or wopd-spirit, can be converged into methane 

by first changing it to methyl iodide, and then reducing the latter with nascent 
hydrogen from moist zinc-coppcr, or with zinc dust in the presence of alcohol 
(B. 9 , 1810), or with potassium hydride (C. 1902, I. 708) ; or by preparing zinc 
methyl, Zn (€113)2. from methyl iodide, an(^. decomposing it with water: 


CH,.OH -> CHjI4-2H=CH4+HI 


ch:>2“+Soh=cS;+Z"< 

Zinc Methyl. 


OH 


(7) Instead of using zinc methyl, it is more convenient to decompose an 
ether solution of methyl magnesium iodide with water : 

CH3MgI+HaO=CH4+MgI.OH. 


In the laboratory methane is made (8) by heating sodium acetate 
with soda-lime, of which the active ingredient is sodium hydroxide. 
The addition of the lime is for the purpose of protecting the glass 
vesoel from the corroding action of the molten sodium hydr(»dde : 

CHj.COjNa +NaOH =CH4 +Na2CO,. 


Methane is a colourless gas possessing a slightly alliaceous odour. 
Its critical temperature is —82®, and its critical pressure 55 atm. At 
low temperatures it forms colourless needles. It is slightly soluble in 
water, but more readily in alcohol. It burns with a faintly luminous, 
Yellowish flame, and forms explosive mixtures with air, oxygen, and 
chlorine : 


CH4-|-202=COaH-2HjO (steam). 

» 1 vol. 2 vok. I vol. 2 vols. • 

It is decomposed into carbon and hydrogen by the continued 
passage of the electric spaCrk. When mixed with two volumes of 
chlorine it explodes in direct sunlight, with separation of carbon, 

CH4+2C1.«C+4HC1. 

In diffused sunlight chlorine substitution products are produced : 

CH4 + Cl 2 = HCl 4- GH ,C 1 — Monochloromethane or methyl chloride* 

CHbCI 4- Cl2=HCl-f-CH2Cl2 — ^Dichloromethane or methylene chloride. 

CH2Cl24-Cl,=HC14-CHClj — ^Trichloromethane or chloroform. 

CHCla -fClj=HC14-OCX'4 — T^etrachloromethane or carbon tetrachloride. 

. Tlirough methyl chloride methane may be converted into methyl 
alcohol, ethane, ethyl alqobol, and acetio acid. 

Fluorine reacts explosively at —187°. 

Ethane, Ethyl Hydride, Dimethyl, Methyl Methane, CHs.CHs, 
m.p. --172® (B. 88, 637^); b.p.yeo— 84°; D.q (liquid) = 0-466 (B. 27 , 
2767, 3305).^3E!his hydrocarbon was discovered in 1848 by Frankland 
and formed (i) by the addition of hydrogen to the two 

unsaturaJ^radjil^carbons, acetylene (p. 87) and ethylene (p. 81), when 
the of the caxbon.atoms is broken down. 
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Ethane lAay be obtained from ethyl alcohol by way of (a) ethyl 
iodide or (3) of zinc ethyl, just as methane was prepared from methyl 
alcohol : 

I 

C,H,OH >■ C,H,I +aH=C JH,.H +H1 




Or (4) magnesium ethyl bromide (p/72, Methane) may be decom- 
posed by water ; or (5)* mercury ethyl by concentrated sulphuric acid< 

CgH5MgBr+H,o’=C,H,-hMgB]|.OH 
(CjHfi) gHg + H aS04 = 2C2H5.H + HgSO* {Schorlemmer ) . 

• « 

These last three methods led to the assumption that ethane was 
ethyl hydride. The following reactions show how ethane can be formed 
from the union of two methyl residues, and hence led to the view that 
the hydrocarbon was dimethyl, (6) Sodium is allowed to act on 
methyl iodide — ^the reaction is accelerafted by the addition of one drop 
of acetonitrile (C. 1901, II. 24) — or (7) zinc methyl may be substituted 
for the nletal : 

• 2CH3l-f-2Na==CH3-CH34-2NaI 

2 CH3l + (CH,)3Zn==2CH3-CH3+ZnIa. 

A more convenient method (8) consists in heating acetic anhydride with barium 
peroxide : 

2(C,Ha0)30 + Ba0*=CjH,+(C3H302)3Ba+2C03. 


From h theoretical point of view {9) the electrolysis of a conceTi-*. 
trated solution of potassium acetate (p. 65) (the method used by Kolhe 
(1848) by which he discovered ethane), is of great importance. iCtie 
ssjt breaks dcwwn into its two electrochemical constituents — potassium, 
its electro-positive ion, appearing at the negative pole and separating 
hydrogen from water at that point, and the unstable electronegative 
ion radical CH3.CO2— , which immediately«decomposes at the positive 
pole into --CH3 and COj;. Two methyl groups then unite to dimethyl, 
just as two hydrogen atoms combine to form a molecule of that element ; 


+ 


CHjiCO* K HO k 

I + 

CHaiCO, K HO H 


CLL 

'CH, 


H 


+2Cda+2KOH+^ 


, Both Kolbe and Frankland believed that^thj^Jbydride CsHg.H differed from 
dimethyl CHs.CHa. Such a difference was not possible in the light of the valent 
theory. By converting the hydrocarbon from (CaIfa)aHg and that obtained in 
the electrolysis of potassium acetate into the s»me ethyl chloride Scharlenun^^ 
(1863) proved the identity of ethyl hydride CaH5.It and dimethyl CHa-CHa, thus 
confirming a fundamental requirement of the valence theory ; 


(c.H,),Hg — h:,h,.h ^ — >c,H,a. 

electxic cuxient Cla ^ 

sCH..CO|K >-CH,CH,CL 

Etliane is a coldurless and odorless gas. Its critical temparatmre 
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equals +34® and its critical pressure is 50-2 atmospheres. It acts like 
methane towards solvents. 

Ethane can be converted into ethyl alcohol through its monochloro- 
substitution product. t 

Homologues of Methane and Ethane. — In preparing the homo- 
logous paraffins, the homologues of ethyl alcohol C**H2ii+i-OH and the 
satm-ated fatty acids are employed. 

I. Formation from compounds containing a like number of 
, , carbon atoms, 

(1) From the unsaturatcfl hydrocarbons by the addition of hydrogen 
(see Ethane). 

(2) By the reduction of alcohols, ketones, and carboxylic acids. 

(а) The alcohol, for example ethyl alcohol, is changed to the chloride, 
bromide, or iodide, which is then reduced with nascent hydrogen, 
by means of zinc and liydrochloric acid, or sodium amalgam and 
alcohol. Tlie iodide may alternatively be treated with aluminium 
chloride (B. 27, 2766). 

triius, propane has been prepared from the two propyl iodides C3H7I by zinc 
and hydrochloric acid, as well as from isopropyl chloride by sodium-ammonium 
(C. 1905, II. 1 12). Trimcthyl methane has been obtained by the action of zinc 
and hydrochloric acid on the iodide of tertiary butyl alcohol. Also, by heating 
the alkyl iodides with z^nc and water in sealed tube% at 120-180®, paraj£ns are 
obtained. 

(б) The saturated fatty acids, CnHan + i-COaH, particularly the higher members 
of the series, may be converted into the corresponding paraffins by heating them 

«»with concentrated hydriodic acid and red phosphorus to 200-250® : c 

Ci 7 H, 5 .COaH 4 - 6 HI=:C„H 38 + 3 l*+ 2 HaO. 
btcaric Acid. Octadccaiie. 

(c) The ketones (q.v), resulting from the distillation of the calcium salts of 
fatty teCids, change to paraffins when they are heated with hydriodic acid. Pt is 
more practical first to prepare the keto-chlorides (p. 93) by the action of phos- 
phorus pentachloride upon the ketones, and then to reduce them. 

The last two reactions espeteidlly were applied (B. 15 , 1687, 1711 ; 19 , 2218) in 
the preparation of the normal hydrocarbons from nonane, CH«(CH|)7CHa, to ^ 
tetracosanc CH8(CH2 ) 22 CH 3 . 

(3) Or^ the alcohol is changed by way of the alkyj iodide into a 
zinc or mercury alkyl, and the zinc alkyls arc then decomposed by 
water (see Methane and' Ethane), and the mercury alkyls by acids 
(see Ethane). Also, the easily prepared magnesium halogen alkyls 
may be decomposed by water,ethereby liberating the paraffin (C. 1901, 

I. 1000). 

I 

II. Formation from confounds rich in Carbon, with loss of carbon, 

(4) A mixture of the salts of fatty acids (the carboxyl derivatives 
of the alkyls) and sodium or potassium hydroxide, or better, soda- 
lime, is subjected to dry 'distillation (see Methane). 

When th^ higher fatty acids are subjected to this* treatment the usual products 
are the ketones ; hydrocarbons, however, are produced when sodium methoxide 
if used in place of soda-lime (B. 22 , 213 ^). 
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The dibasic acids are similarly decomposed : 

/COj.Na 

p +2NaOH=C.H,4-f2NaaCO,. 

OOa.Na ^ 


III. Methods of Formation, consisting in the union of alkyls, previously 
not directly combined, with one another. 

(5) Method of Wurtz: this consists in the action of sodium (or 
reduced silver or copper) on the bromides or iodides of the alcohol 
radicals in ethereal solution (see Ethane)' Thus with sodium : 

• 

C2H5I yields 02^5-^2115 Diethyl or norhial* Butane. 

CHaCH2CH2l „ CgH^.CaHy Di-nomial-propyl or normal Hexane. 

CHaCHaCHjCHal „ 04Ha.C4Hy Di-normahbui:yl or normal Octane. 

The addition of one or two drops of acetoditrile accelerates the reaction 
(C. 1901, II. 24). This reaction proceeds especially easily with normal alkyl 
iodides of high molecular weights. Thus, Hell and Hdgele, by fusing myricyl 
iodide with sodium, obtained hexacontane, CjoHu*. a compound having by far 
the longest normal carbon chain known up to the present time (B. 22 , 502). By 
employing a mixture of the iodides of two primary alcohols, hydrocarbons result 
from the union of the differing radicals. The iodides of optically active (p. 30) 
alcohols, e.2., optically active amyl iodide, yield optically active paraffins (B. 27 , 
R. 852). Magnesium acts similarly to sodium on the iodides of the higher alcdholic 
radicals (C. 1901, 1. 999 ; B. 36 , for example : tertiary butyl bromide and 

magnesium give hexamethyl ethane (Cll8)3C.C(CH3)3, which is also formed by 
the interaction of pentamethyl ethyl bromide and methyl magnesium bromide 
(C. 1906, II. 748) : » 


C(CH,)3.C(Cn3)2f5i-fCII.,MgBr==(CH8)3C.C(CH3),+MgBr*. 

(6) Action of zinc alkyls on alkylogcns (see Ethane) and ketone chlorides : 
thus, tertiaiiy butyl iodide and zinc ethyl give trimethyl ethyl methane (B, 82 ,„ 
1445 ; 33 , 1905) ; also acetone chloride or ^-dichloropropane is changed by zinc 
methyl into tetramethyl methane ; , 


Acetoae. Acetone Chloricif. 


(7) By the electrolysis of the alkali salts of fatty acids (sec Ethane). Alcohols 
may occur as subsidiary products : methyl Jlc4)hol from potassium acetate ; 
ethyl alcohol frcfn soflium propionate. Also unsaturated hydrocarbons, as 
isobutylene, may be produced from trimethyl acetic acid. 


Synthetic Methods. — ^Tlie last group of reactions comprises 
synthetic methods for the building up of hydrocarbons. In the for- 
mation of methane from carbon disulphide and hydrogen sulphide 
it was explained what in general was understood by the synthesis 
of a carbon compound. Those reactions ip which carbon atoms, not 
before combined with one another, becom® united, claim particular 
importance in the synthesis of the compounds of carbon [Lieben, 
146 , 200). Most of the carbon derivative^ are due in the first place 
to the combining power of tne carbon atonis hmong themselves. Such 
reactions are the synthetic methods of organic chemistry in the more 
restricted sense. In the future we shSl designate them nucUus-^ 
syntheses. They genetically bind together tHe members of an homo- 
logous series, and the homologous series among themselves, and the 
open carbon chains with closed chains, or rings. ^ 

The synthesis of a carbon compound from derivatives of carbon of 
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Tmown structure is one of the most important means employed for the 
recognition of its structure or constitution. 

Properties oj the Paraffins . — ^The lowest members o^ the series up 
to butane and tetramethyl methaiie are gases at the ordinary tem- 
perature. The middle members are colourless liquids, with a faint 
but characteristic odour. The higher representatives, beginning with 
hexadecane, C,eH84, m.p. 18®, are crystalline solids. The highest 
members are only volatile without decomposition under reduced pressure. 
The boiling points rise with the molecular weights ; the difference for 
CH, is at first 30®, and with the higher members it varies from 25® to 13®. 
" The boiling points of propane, of the two butanes, the three pentanes, 
and the five known hexanes are given ill the following table. All the 
theoretically possible isomers are known : 

Structural Formula. 

CHj.CHa.CHg 


C,H, 

C4HJ 0 
C 5 H,a 


Propane 

Normal Butane 
Trimethyl Methane 
Normal Pentane 
Dimethyl Ethyl Methane 
Tetramethyl Methane 
Normal Hexane 
Methyl Diethyl Methane 
Dimethyl Propyl Methane 
Di -isopropyl 

Trimethyl Ethyl Methane 


CHg.CHa.CHj.CH, 

CHj.CHCCHg), 

CH3.iCH233.CH3 
CHsCHa.CHiCHa)^ 

C(CH3)4 
CH3[CH3]4CH3 
CHaCHiCaHa)* 

CHaCH.-CHaCHiCHala +62 

(CHs)aCH.CH(CH8)a +58*' 
CHaCHj.CiCHa). +49® (B- 32, 1449)- 


, B.p. at 760 m.m. 
—43® (B. 27 . 3306; 

C. 1905, II. 1 12). 
4 - I® (B. 27 . 2768). 
“I7® 

+ 38® 

+ 30® 

-j- 9® (B. 32, 1449)* 
+ 71^ . 

+ f >4 


It is evident from this table that among isomers those with 
normal structure (p. 27) have the highest boiling points : generally 
the accumulation of methyl groups in the molecule lowers the boiling 
points. The same regularity will be again encountered in other 
homologous series. The subjoined table contains the melting points, 
boiling points, and the specific gravities of the known normal 


Heptane .... 

. c,h;'. 

M.P. 

8 

Octane .... 

. 

Nonane .... 

. Cgiiao 

“51® 

S 

g 

Pi 

Decane .... 

• CioUat 

“32® 

Undecane 

. C„Ha4 

- 26 * 5 ® 

i 

Dodecane 

. CiaHaa 

— 12 ® 

Tridecane . . . 

. CjaHas 

- 6 * 2 ® 

-S 

Tetradecane . 

. Ci*Hao 

+5*5® 

rs 

Pentadecane 

. C^aHaa 

+ 10 ® 


Hexadecane . . . 

. CiaHag 

+ 18 ® 

§ 

Heptadecane . . 

. C 17^33 * 

+ 22 - 5 ® 


Octadecane . 


+ 28 ® 


Nonadecane . 

. C<.aH4o 

+ 32 ® ^ 


Eicosane .... 

• ^>0^43 

+ 36 * 7 " 


Heneicosane . 


+ 40 - 4 ® 


Docosane . • ® 

• ^1*^43 

+ 44 V 

& 

Tricosaneg . 

. Ca3H4a 

+47*7® 

i' 

Tetracosane . . . 

• ^24^30 

+5I-I® 

Heptacosane. . . 



H 

Hentriacontane . 

. Ca4H34 

+68-1* 

•§ 

Dotriacon^iie . . 

• 

-4-70.0® 

1 

Pentatriacohtane . 

. CagHaa 

+747 
+ 102* 


Dimyricyl . . . 

• CgoHiaa 



B.p. 

98-4® 

I 255 ° 

1495® 

194*5 

2525 

2705® 

287-5® 

205® 

224 ; 5 ® 

234® 

243® 

270® 

302® 

310® 

331® 


Sp. Gr. 
0-7006 (O®) 
0-7188 (o®) 
'0 7330 (o®) 
0-7456 (o') 

0’7745 S 
0773 
0'775 
0-775 
0-775 
0-775 
0-776 
0-776 

0-777 
0-777 

0-778 
0778 
0-778 
0-778 

0-779 

0-780 
0*781 
0-781 


at their 
m.p. 
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. ti'Heptane is formed during the disSuatioa. of the resin of Pinus Sddniana 
and Pinus Jeffreyi (C. 1901, I. 114^). Methyl ethyl propyl methane, one of the 
isomers of n-heptane, is the simplest hydrocarbon containing an asymmetrfb 
C-aU>m (see p. zg). Its dextro-rotatory form, b.p. gi*, and lar=+9*5*, is pre- 
pared by the acaon of sodium on ethyl Iodide (B. 87 , 1046). 

Of the isomers of n-octane, hexameihyl ethane (CHajjC.CfCHj),, m.p. 104®, 
b.p. 107®, should be mentioned on account of its high vapour pressure, and 
similarity to perchlorethane (p. 95) ; it results from the reaction of pentamethyl 
ethyl bromide and methyl magnesium bromide (C^igoC, II. 748). 

Heptacosane and hentriacontane *have been found in American tobacco 
(C. 1901, IT. 395). 

The saturated hydrocarbons are insoluble in water, whilst the lower and 
intermediate members are readily soluble in alcohol and ether. The solubulity 
in these last two solvents falls with increasing molecular -weight : dimyricylf 
C«oH, 22* ni'P- 102®, is scarcely soluble in either of them. • * 

The specific gravities of the liquid and solid hydrocarbons increase with their 
molecular weights, but are always less than that of waigr. It is remarkable that 
in the case of thcJiigher members the specific gravities at the point of fusion are 
almost the same. They rise from 0 773 for dodecane C,aH2e» 0781 for 

pentatriacontanc, ; consequently the molecular volumes are nearly 

proportional to the molecular weights (B. 15 , 1719 ; A. 223 , 268). 

The paraffins are not absorbed by bromine in the cold or sulphuric 
acid, being in this way readily distinguished and separated from the 
unsaturated hydrocarbons. They are very stable, and, in con- 
sequence,’ react with difficulty. Fuming nitric acid and even chromic 
acid* are without much effect upon them in the cold ; when 
heated, however, they generally are oxidized directly to carbon 
dioxide and water. Recently, n-hexane and •n-octane have been 
nitrated by heating them with dilute nitric acid. The isomers are 
more easily attacked than are the n-paraffins (sec nitro-derivatives of 
the paraf^ns). When acted on by chlorine or bromine they yield^ 
substitution products. 

By means of the latter the paraffins can easily be converted, tis 
observed under methane and ethane, into other derivatives. 

\yhcn nitrating and chlorinating the paraffins and the paraffin groups in 
carbon compounds, the general rule holds good that in most cases the tertiary 
hydrogen atom is easier to replace than the secondary, and the secondary than 
the primary ( 13 . 8g, 1443). 

Technical Preparation of the Saturated Hydrocarbons.— The hydro- 
carbons, readily obtainable on a commercial scale, are employed in 
enormous quantities for illuminating and lieating purposes, are also 
used as solvents for fats, oils, and resins, as .lubricants for machinery, 
and as salves. 

The great abundance of mineral oil, petroleum, rock-oil, napJUha, is, 

' of the utmost importance to chemical iflduAry. The oil is very widely 
distributed, but only occurs in certain distijets in sufficiently large 
quantities to be usefully woAed. It is especially abundant in Pennsyl- 
vania and Canada, although it is also found in the Crimea along the 
Black Sea, and at Baku on the shore of the Caspian, as well as in 
^Hungary, Galicia, Roumania, and the Argentine Republic. Its 
occurrence in Germany, in Hanover, and in»Alsace is limited. Sinc^ ^ 
the year 1859 efforts have been put forth to work oil wells which have 
been known for many years, and also to make new borings, (S^ 
Hofer . Das Erd 51 und seine Verwandten, 1906.) 
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The following data give some idea of the vast quantities in which this product 
is»handled ; in 1904 the world’s production of crude naphtha was about 28*6 
million tons« of which America contributed 15*0 million tons, Russia io’6. Dutch 
Indies I’o, etc. Since 1901 the production in Russia has fallen, wjjjiilst in America 
and most other countries it has risen. 

In a crude state it is a thick, oily liquid, of brownish colour, which 
appears green by reflected, light. Its more volatile constituents are 
lost upon exposure to the air ; it thAi thickens and eventually passes 
into asphaltum. The greatest differences prevail in the various kinds 
of petroleum. It is very probable that petroleum has been produced 
by the decomposition of the fatty constituents of fossil animals. This 
• took place under the •influence of great pressure and the heat of the 
earth. The distillation of fish blubber under pressure has yielded 
products very similar to the American petroleum {Engler, B. 26, 1449 I 
30, 3908 ; 33, 7 ; Ochsenius\ B. 24, R. 594). * 

Mendelcjejf first suggested that it was possible for petroleum to be 
formed by the action of water on the metallic carbides in the interior 
of the earth, and Moissan subsequently came to the same conclusion 
during his investigations on th» carbides (B. 29, R. 614). 

Apart from geological evidence the following facts contradict this 
view and favour an organic origin for petroleum : (i) a smalli nitrogen 
content (pyridine bases) in most specimens of petroleum ; (2). the 
optical activity of the liiglicr fractions, which according to present 
knowledge could m)t be formed by such a synthesis, as this would 
lead to the formati(m*ot racemic (inactive) bodies only (p. 56, Ch. Z. 
1096, 711). 

The constituents of American petroleum possessing a low boiling 
"^oint, consist almost entirely of saturated hydrocarbons, befth normal 
paraffins and those of the general formulce R2.CH.CH.R21 CHR3, and 
CR4 (B. 32, 1445 ; 33, 1905). Yet small quantities of some of the 
benzepe hydrocarbons (cumene and mesitylenc) are present. TJie 
crude oil has a specific gravity of o- 8-0*92, and distils from 30° to 36o®^nd 
higher. Various products, of teclmical value, have been obtained from 
it by fractional distillatioi? : * Petroleum spirit, sp» gr. 0*665-0*67, dis- 
tilling about 50-60°, consists of pentane and hexinc ; petroleum 
benzine, sp. gr. 0*68-0*72 (not to be confounded with the benzene of 
coal tar), distils at 70-90°, and is composed of hexane and heptane ; 
ligroine, boiling from 90° to 120°, consists principally ol heptane and 
octane ; refined petroleum f called also kerosene, boils from 150° to 300°, 
sp. gr. 0*78-0*82. (For tlie apparatus of Engler and Abel intended to 
determine the flash point pf petroleum, see Eisner: Die Praxis des 
Chemikers, [1893] 399, 4^)1 ; B. 29, R. 553.) The portions boiling 
at. high temperatures are applied as lubricants ; small amounts of 
vaseline and paraffins (see^bf low) are obtai|icd from them. 

Caucasian petroleum (from Baku) has a ’higher specific gravity than the 
American ; it contains far less of the light volatile constituents, and distils at 
about 150®. Upwards of lojjer cent, of benzene hydrocarbons (CeH, to cymene 
C10H14) as well as less saturated hydrocarbons, C„Hjn-8* ®tc., may be extracted 
by shaking it with concentrated sulphuric acid (B. 19, R. 672). These latter are 
also present 4 q the German oils (Naphthenes, B. 2d, 595)* That portion of the 
Caucasian petroleum insoluble in sulphuric acid consists almost exclusively of 
GnH|M hydrocarbons, the naphthenes, ^hich belong to the cycloparaffins (p. 80), 



and are probably chiefly cyclopentanes, mixed, perhaps, with aromatic hydrides ; 
hexahydroxylene=octonaphthene, hexaliydromesitylene= non-naphthene (B. 16 . 
1873 ; 18 , R. 186 ; 20 , 1850, R. 570). From its composition^ Galician petroleum 
occupies a position intermediate between the American afld that from Baku 
(A. 220 , 188). • 

German petroleum also contains benzene hydrocarbons (extractable by 
stUphuric acid), but consists chiefly of the saturated hydrocarbons and naphthenes 
{Kramer, B. 20 , 595)* The so-called petrolic acids are present in all varieties of 
petroleum, particularly that from Russia (Beilstein, Hdb. d. org. Ch., III. Ed. 
522,0.1897,1.1153). 

Products similar to those occurring in mineral oil are yielded by the tars 
resulting from the dry distillation of brown-coal (from the province of Saxony), 
and of the bituminous shale (in Scotland and the Gewerkschaft Messel, Darmstadt, 
in Hesse). These tars contain appreciably greater quantities of unsaturated • 
hydrocarbons associated with the naphthenes and paraflin.., as' well as the aromatic 
hydrocarbons present in the tar from bituminous shales (Hetisler, B. 28 , 488 ; 30 , 
2743 ; Z. anorg. Ch. 1896, 319)' Large quantities of solid paraffins are also present 
^ in these tar oils. 

By solid paraffin is ordinarily understood the high-boiling solid 
hydrocarbons (above 300°) obtained by the distillation of the tar 
of wood, peat, lignite, and bituminous shales. They were discovered 
by Reichenhach (1830) in the tar from the beech- wood, and, in nature 
occur more abundantly in the petroleum from Baku than in that from 
America. ' In the free state they constitute the class of mineral waxes, 
which includes ozokerite (in Galicia and Roumania, and Tscheleken, an 
island in the Caspian Sea, B. 16 , 1547 ) » nefligil (in Baku). For 
their purification the ci'ude paraffins are treater! with concentrated 
sulphuric acid, to destroy the resinous constituents, and are then 
re-distilled. Ozokerite that has been bleached without distillation, 
bears the ^name ceresine, and is used as a substitute for beeswax. 
Paraffins tliat liquefy readily and fuse between 30® and 40® are known 
as vaselines, and find application as salves. 

When pure, the solid paraffins form a white, translucent, leafy, 
crystalline mass, soluble in ether and hot alcohol. They melt between 
45° and 70°, and arc essentially a mixture of saturated hydrocarbons 
boiling above 300°, but appear to contain also those of the formula 
C#|H2n. Chemic.ijlly, paraffin is extremely st'able, and is not attacked 
by fuming nitric acid. Substitution products are formed when chlorine 
acts upon paraffin in a molten state. 


B. Unsaturated Hydrocarbons 

1. C„Ha„ Olefines, Alkylenes, Alkenes. 

2. CJi2n-2 Acetylene SQries,«*Alkines. 

3. C„Han-2 Diolefine Series, ASkadicncs. 

4. C„H2n-4. Olefinacetylene Serie^. 

5. CnH2«-8 . Diacetylene Series. 

I. OLEFINES or ALKYLENES, CnHun 

The hydrocarbons of this series contain two hydrogen atoms less 
than the saturated hydrocarbons. All contain two adjacent carbon 
atoms united doubly to each other, or, as commonly expressed, they 
contain a double carbon linkage. The olefines readily take up two 
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tinivalent atoms or radicals, wherefcy the double carbon union becomes 
converted into a single one : paraffins or their derivatives result. 


The names of the olefines are derived ^^rom the names of the aV^ohols containing 
a like carbon content, with the addition of the suffix ** ene : ethylene from ethyl, 
propylene from propyl, and finally for the series we have the name : alkylenes. In 
the “ Geneva names *' the yl of the alcohol radicals is replaced by “ ene : [ethene] 
from ethyl, [propen e] from propyl, and for the series : alkenes. In long series the 
position of the double union is'indicated by an added number (p. 70}. Methylene, 
the hydrogen compound corresponding to CO, has thus far resisted isola- 
tion as completely as — CHa- Two = 011 * groups invariably unite to form ethylene 
— the first member of the series. , Beginning with the second member of the series, 
^ propylene, we find, as we advance, that the olefines have isomers in the ring- 
shaped hydrocarbons — ^{he cycloparaflins or cyclic limit hydrocarbons : 


Propylene is isomeric with trimethylene — [Cyclopropane] . 

The three butylenes are isomeric with tetramethylene — 

[Cyclobutane] 

The five amylenes are isomeric with pentamethylene — 

[Cyclopentane] 

The hexylenes are isomeric with hexamethylene — . 

hexahyd'^obemene [Cyclohexane] 
The heptylencs arc isomeric with — heptamethylene . 

suherane [Cyclolicplane] 


CPI 

CHa 


!>ch. 


CHa.CHa 

CHa-CHa 


CHo.CH 

CHa.CI-I 


“>CH 


a 


CHa-CHa-CHa 

CHa-CHa-CHa 


CHa.CHa.CHav,p 

CPU.CHa.CHa-^^Ha 


The cycloparaffins are more closely allied, in chemical character, to the 
paraffins than to their isomeric olefines, as they only contain singly linked carbon 
atoms. They lack in additive power, as the addition of hydrogen could only 
result in a mpiure of th.^ ring. Together with their derivatives, the cycloparaffins 
form the transition from fatty bodies to the aromatic compounds. They will not 
be considered in the discussion of the olefines. 

Olefine isomers appear first with butylene. Thiec modifications are possible 
and are known : ^ 


tr) CH, ~CH,--CJI-CH, (2) CH,— CH-CH- CH* (3) CH*=C(CHa), 

Butyitiie [Butene-r]. Pseudobutyicne [Uutene-sj. Isobutylene [Ivlcthyl PropeneJ. 


Pseudobutylene has been obtained in two geometrical isomeric modifications 

(p. 33) (A. 8la, 207) : 


CH,. /CH, 
>C=C< , , 

P’ »• ae-syrarae trical 
Pseudobul>Ie£ie, b p. i-i's*. 


CH,. /H 
H/ « V,H, 

Axially-symmctrical 
Pseudobutyleue, b.p. 


Five olefines of the formula C5H10 are possible. 

Ethylene may be tabm as being typical of the olefines. 

Ethylene, Cll2=^CU'2 [Ethene], Elayl;m.p. —169°, b.p.yeo —105®, 
is also known as oil-forming gas, because, by the action of chlorine, it 
yields an oily compound,- ethylene chloride (q.v,). This property has 
given the name to the Whole series. Ethylene is formed during the 
dry distillation of maf*y organic bodies, and is, therefore, present in 
illuminating gas to the (^^x.'cnt of 4 to 5 per cent. 

Methods of Formation. — (i) By* heating methylene iodide, CH2l2» 
with metallic copper to 100® in a sealed tube (Butlerow ) : 


CH, 

2CH,I,+4Cu= |j H-2Cu,Ij|. 

, CH, 

(2) By the action of metallic sodium on ethylidene chloride 
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(ToUens) and ethylene chloride, efe well as from zinc and ethylene 
bromide : ^ 

CHClj CH.Cl CH, CH,Br CH, 

I orf + 2 Na= 11 + 2 jraCl; | +Zn= 1| +ZnBr,. 

CH. CHaCl CH, CH^Br CH, 

(3) action of zinc and ammonia on copper acetylide ; and 
of a mixture of acetylene and hydrogen" in the presence of finely 
divided metals, such as nickel : 

CH CH, 

III +2H=!'- . 

CH CHa 

» ■■ 

(4) When alcoholic potassium hydroxide acts on ethyl bromide : 

• CHaBr CH* 

I +KOII-:: H-KBr+HjO. 

CH*3 CHa 

(5) Upon heating ethyl sulphuric acid (p. 82). This is the method 
usunlly pursued in the laboratory far the preparation of ethylene 
(A. 192, 244) : 


Sulphuric acid ma>^be replaced, with advantage, by syrupy phos- 
phoric acid, because no charring occurs when vhis acid is employed. 
The ethylene is evolved when alcohol is slowly dropped into the acid 
which is heated to 200-220"* (C. 1901, 11. 177). 

(6) By^ the electrolysis of a concentrated solution of potassium^ 
succinate (see ethane) (Kekule) : 


^ CHaiCOoK HOH CH* H 

I i ! + ':=-•! 4 - 2 COa+ 2 KOHH- I . 

CHa'COaiK HOH CHj H 


Ethylene is a colourless gas, ^vith a peculiar, sweetish odour. Water 
dissolves but small quantities of it, whilst alcohol and ether absorb 
about 2 volumes. It is liquefied at 0°, at a pressure of 42 atmo- 
spheres. Its rcritical temperature is 13°, and its critical pressure 
exceeds 60 atmospheres. It is suitable for the production of very 
low temperatures (B. 32, 49). It burns with a bright, luminous flame, 
decomposing initially into methane and acetylene (B. 27, R. 459)* A 
mixture of ethylene and chlorine whv^n ignited burns slowly ^^'ith a 
very sooty flame. It forms a strongly explosive mixture with oxygen 
(3 volumes). 

(1) In the presence of plStinum black, if will combine with hydrogen 
at ordinary temperatures, yielding C2H0 (B. 7, 354). 

(2) It is absorbed by concentrated hydrobromic and hydriodic 
acids at 100°, with the production of C2H5BE>and C2H6I : 


CHa 

II +H2- 

CH. 



CH. CH.I 

I! -hHI=: 

CH, CH, 
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^3) It combines with sulphuric^ acid at 160-174®, forming ethyl 
sifciphuric acid; and with sulphuric anhydride it yields cartel 
sulphate : 


CH, 

II -HSO, 
CH, 


.OH 

*\)H 






.C.H. 




OH 


CH, 

II +2SO,= 
CH, 


CH,.O.SO, 

^ I 

CH,-SO, 


> 


(4) It unites readily with chlorinfe and bromine, as well as with 
iodine in alcoholic solution, and with the two iodine chlorides (B. 269 
368); 

CHa CHaBr CHj CH,C1 

(I • -f,Bra= I ; jl +C1I= | 

CHa CHaBr CH, CH,! 


(5) It forms the ihonophlorhydrin of glycol by its union with 
hypochlorous acid. 

(6) Ethylene glycol itself, however, is produced by carefully 
oxidizing ethylene with dilute potassium permanganate, which acts 
as if hydrogen peroxide added itself to the ethylene : 

CHa CllaCl CH, OH GHjOH 

11 + ClOH =1 ; II H- I I 

I CHa CHaOH CHa OH GHjOH 


Ethylene combines with mercuric salts in solution forming such compounds 
as CHa(OH).CHaHgCl, ClHgCHa.CHa.O.CHa.CHa.HgCl, which can be looked 
upon as being derivatives* of ethylene glycol (B. 34 , 2906). 

Ethylene Homolognes. — Higher olefines are found in the tar 
obtained from bituminous shales (B. 28 . 496), in American petroleum 
'(C. 1906, II. 120), and apparently also in coal tar (B. 38 , 1296). Just 
as ethyl alcohol is the most suitable substance for the preparation of 
ethylene, so its homologues are the best parent substance for the pro- 
duction of the homologues of ethylene. 

Methods of Formation, — (i) The halogen derivatives, readily formed 
from the alcohols, are digested with alcoholic sodium or potassium 
hydroxide. ^ 

In this reaction the haloid (especially the iodide) derivatives corresponding with 
the secondary and tertiary alcohols break up very readily (C. 1900, I. 1063). 
Pfopylsne has been obtained from isopropyl iodide, a-hutylene from the iodide of 
normal butyl alcohol, p-buiylene from secondary butyl iodide, and isobutylene 
hrom the iodide of tertiary butyl alcohol. Many others have been prepared in 
the same way. Heating with lead oxide effects the same result (B. 11 , 4x4). 
Tertiary iodides yield olefines when treated with ammonia. 

•' v 

(2) Distillation of the*' monohydric alcohols, CnH2n+iOH, with 
dehydrating agents, e.g, Sulphuric acid, zinc chloride, and phosphorus 
pentoxide' (C. 1901, II. yjY fcr boron trioxffle or oxalic acid (C. 1898, 
I. 557 ; B. 34 , 3249) causes the removal of one molecule of water, 
and, thereby, the production of the corresponding olefine. Isomeric 
and polymeric forms are produced together with the normal olefines. 

The secondary and tertiary alcohols decompose, particularly readily. The 
higher alcohols, not volatile without decomposition, undergo the above change 
when heat is applied to them ; thus cetene, C.sH.., is formed on distilling cetyl 
alcohol, C„HmO. ^ ^ 
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When sulphuric add acts on the aloc^ols, add estets of sulphuric add (the 
so-called acid ethereal salts-— see these) appear as intermediate products, ^mei^ 
heated they break down into sulphuric add and CnHfn hydrocarbons (comp. 

^her olefines may be obtained \rom the corresponding alcohols by dis- 
tilling the esters they form with the fatty acids. The products are an olefine and 
an acid (B. 16 » 30x8) : 


Dodecyl Ester oi 
Palmitic Acid. 


9 Palmitic Dodecylene. 
Acid. 


Also, xanthogenic acid ester decomposes at relatively low temperatures into 
olefines, carbon ox3rsulphide and mercaptans (B! 32 , 3332). 

(3) Halogen addition products of the olefines '(se^ ethylene) react 

with metals to form free olefines. * 

(4) By heating all^l ammonium phosphates (B. 34 , 300). 

(5) The electrolysis of the potassium salt^ of saturated dicarboxylic 
acids (see ethylene) results, as follows : glutaric acid yields propylene 
(C. 1904, II. 823). 

(6) ^^en zinc alkyls act on bromo-olefines, the olefines are 
liberated, e.g. CH2=CHBr, which with •zinc ethyl yields a-butylene 
or ethyl ethylene. 

(7) Higher olefines have also been obtained by the reaction of 
WUrizL (p. 75). 

(8) The formation of higher alkylenes by the linking of lower 
members with tertiary akohols or all^l iodides, is noteworthy. Thus, 
from tertiary butyl alcohol and isobutylene, by means of zinc chloride 
or sulphuric acid, isodibutylene is obtained (A. 189 , 65 ; B. 27 , R. 626): 

(CIis)aC.OH+CH, : C(CHJa=(CH,),C.CH : C(CHJa+H, 0 . 

Isodibutylene. 

The action of the ZnCl^ is due to the intermediate formation of addition 
products, e.g, trimethyl ethylene and zinc chloride unite to the crystalline com- 
pouijd (CHa)aC=vCHCH„2ZnCla. Water converts this into dimethyl ethyl 
carmnol, whilst hydrogen cliloride produces the chloride of the latter. This 
chlori^ and trimethyl ethylene then unite to form a saturated chloride, which, 
on distillation, splits off hydrochloric acid and 3d^d| diamylene (B. 25 , R. 865) ; 
see also polymerization oi olefines. 

Tetramethyl ethylene (B 16, 398) is produced by heating )3-isoamylene 
(see p. 85) with methyl iodide and lead oxide : 

(CH^),C : CH.CH5+CH.I = (CH : C(CH,),-f HI. 

In the dry distillation of many complicated carbon compounds the olefines are 
produced together with the normal paraffins, hence tlieir presence in illuminating 
gas and in t^ oils (see ethylene). 

t • 

Properties and Reactions of the Olefinel, — So far as physical 
properties are concerned, the olefines resemble the normal hydro- 
c^^ns ; the lower membeis are gases, intermediate ethereal 
liqiuds, wWlst the higher (from CieH32 upwards) are solids. Generally, 
their boiling points are a few degrees higher than those of the corre- 
sponding paraflfins. 

In chemical properties, on the other hand, they differ greatly from 
the paraffins. Being unsaturated, they can unite directly jwdth two 
univalent atoms or groups, whereby the double bond becomes 
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Jliey combine : ' ^ 

• (i) With nascent hydrogen, forming paraffins with a like number 

of carbon atoms (see ethylene). 

(2) With HBr and, with especial readiness, with HJ. 

The halogen acids attach themselves in such a manner to the mono- and di- 
alkyl ethylenes that the halogen unites with the carbon atom combined with fewest 
hydrogen atoms (B. 39 , 213^)^ As such alkylizcd ethylenes can be prepared from 
Ihe proper primary alcohols by the splitting-off of water, these reactions can be 
employed to convert primary into secondary alcohols, and also tertiary alcohols 
(p. 107). 

The olefines arc also capable df combining with the fatty acids (B. 25 , R. 463). 
* but only when exposed to high temperatures (290-300*^), e.g. : 

C5H„C1I-CHj+CIJ3.C02H=C,HiiCH(0.C0.CHs).CH,. 

Pentyl Ethylene. Sec.-Heplyl Acetaic. 

(3) Concentrated sulphuric acid absorbs them, forming ethereal 
salts. This is a reaction which can be used, to convert olefines into 
alcohols, and also to separate them from paraffins (see p. 81), which are 
much more resistant to the action of sulphuric acid (C. 1899, I. 967). 

(4) They form dihalidcs {s?e ethylene) with CI2, Br2, 12, ClI. These 
can be viewed as the haloid esters of the dihydric alcohols — the glycols, 
into wliich they can be converted. 


(5) They yield chlorhydrins with aqueous hypochlorous acid. These are the 
basic esters of the glycols (see ethylene), in which the hydroxyl is attached to 
the less hydrogenized carbon atom (C. 1901, II. 1240). 
c 

(6a) Potassium permanganate in dilute solution changes them to 
glycols (B. 21, 1230, 3359). 


The last three reactions afford a means of converting monacid ^(monohydric) 
alcohols into dihydric alcohols or glycols (q.v.). The olefines take an intermediate 
part in these changes, e.g . : 


CHjjOH 

I 

CH. 


CH* 

^11 

• CII 




CHg.OH 

CH2CI/ 


Clfa.OH 

CIIj.OH’ 


( 6 b) Energetic oxidation severs the double bond of the olefines. 
Ozone, O3, becomes added at the double bond to fornt ozonides, which 
are decomposed by water into two molecules of aldehydes or ketones 
(A. 343 , 311) : 

R,C=CR', r> i^,c— CR', -» R,CO-f OCR',. 


(7) NjOj and NjO^ convert the olefines into nitrosites and nitrosates (q.v.). 
They are the nitrites and nf crates of oximes of hydroxyaldehydes and hydroxy- 
ketones. The olefines can even take up nitrosyl chloride (B. 12 , 169; 27 , 455, 
R. 467; C. 1901, II. 1201). The resulting addition products are changed by 
boiling water, alcoholic potassium hydroxide, and ammonia back into the olefines 
(B. 29 , 1550). 

(8) Polymerization of Olefines . — When acted on by dilute sulphuric acid 

(B. 29 , zinc chloride (C. 1897, I. 360), boron 'fiuoride, and other substances, 

many olefines undergo polymerization even at ordinary temperatures, in con- 
sequence of the union of several molecules. Thus, there result from isobutylene, 
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di-isobutylene, CgHig; from isoamylene, CgHjo : di-isoamylene, C^gHig ; 
tri-isoamylene, C^sHgu, etc. Butylene and propylene behave in the same ws^. 
Ethylene, on the other hand, is not condensed by sulphuric acid or by boron 
fluoride. The polymers act like unsatfirated compounds, and contain a pair of 
doubly linked carbon atoms. , 

Although ethylene itself undergoes no alteration, yet its unsymmetdcal 
halogen substitution products polymerize very readily (see p. 98). 


Below are given the boiling points of some of the homologues of 
ethylene. It is most convenient to designate them as alkyl substi- 
tution products of ethylene. 


Propylene CH3CH=tH, 

Ethyl Ethylene . . . . CH3CH2CH=CHg • ' 

Dimethyl Ethylene CH..CH=Cn.CH,^ 

unsym. Dimethyl Ethylene . . (CHaljC— CIJ2 

n. -Propyl Ethylene . . Cli3CH2CH2CH=CH2 

a-Amylene 

Isopropyl Ethylene .... (CHajgCH.CH— Cllj 
a-Isoamylene 

sym. Methyl Ethyl Ethylene . CHj.CH^.CH-^CH.CHj 
j8-Amylene 

unsym. Methyl Ethyl Ethylene . CH3.CiIav^P_PP- 
y- Amylene CH , ~ * 

Trimethyl Ethylene .... (CHajaC^^CH.CHg 
jS-IsoamylcTie 

TetramcLhyl I ethylene . . . (CHalnC — C(Cll3)2 


—48® gaseous 
(B. 83 , 638). . 

(p. 80). 

- 6 ® 

+21° (C. 1900, I. 

4-36** 

+31" 

+ 73 ®(B .27 454 )- 


Many other higher members of this series are known. Of these, trimcthyl- 
ethylene or )S-isoaniylcne, pental, possesses a significance, as it is used in the 
preparation of the so-called amylene hydrate or tertiary amyl alcohol. j8-Iso- 
amylene constitutes the chief ingredient of the mixture of olefines resulting 
from the dibtion of zinc chloride on the amyl alcohol of fermentation (A.* 
180 , 332 ; B. 36 , 2003). The formation of tetramcthyl ethylene from pinacolyl 
alcohol or methyl-tert. -butyl carbinol is of interest because it appears to^be 
a reversiil of the formation of pinacolin from pinacone (q v.) (B. 24 , 3251, 
f(¥Jliiote). Both tri- and tetramcthyl ethylene can be prepared from amylene 
hydtate and pinacolyl alcohol respectively, by heating them with anhydrous 
oxalic acid. 


^ . HYDROCARBONS, 

Two groups of hydrocarbons having this empirical formula exist : 
The acetylenes or alkines with triple linking, and 
The all^lenes with two double linkages. 

The allylenes are also called diolefincs. The difference in structure 
is clearly shown in their different chemical bthaviour. The acetylenes 
(with group=CH) alone have the powei of entering into combinations 
in which the hydrogen of the groupsCH^s replaced by metals. The 
names adopted for the acetylenes by the Geneva Congress are formed 
by substituting the ending “ ine for the ending yl of alcohol radicals 
with like carbon content, h?nce the dcsigmtion alkines. 

2. ACETYLENES OR ALKINES, C„H2„_2 

The position of acetylene, the first member of this series, among 
the aliphatic hydrocarbons is very prominent, on account of its technical 
importance, and its direct formation from carbon and hydrogen. 
Some acetylenes are distinguished by their power of polymerization, 
which result jn the formation of simple aromalic^ hydrocarbons* 
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Acetylene \Ethine\ CH=CH was first observed by Edmund Davy^ 
^^erthelot introduced the name acetylene and studied the hydrocarbon 
carefully. 

(1) Bertlielot e&tcteA the synth^is of acetylene by passing the elec- 
tric spark between carbon points in an atmosphere of hydrogen (p. 64) : 

2C+H,=CH=CH. 

(2) It results in the decomposition of the carbides of the alkali 
earths by water (B. 25 , R. 850 ; 27 , R. 297) : 



The addition ot formaldchycfc solution retards the evolution of acetylene from 
calcium carbide (C. 1900, 11 . 1 150) . The gas is always contaminated by phosphine, 
which can be removed by the action of bromine water, or better by means of a 
feebly acid solution of copper sulphate and of chromic acid in sulphuric acid 
(C. 1900. 1. 789 ; B. 32, 1B79). On a large scale bleacliing powder or bleaching 
powder and lead chromate (to avoid the evolution of free chlorine) are recom- 
mended as purifiers (C. 1900, I. 236 ; II. 229). Metal gas holders for use with 
acetylene are best avoided (C. 1900, I. 954). The gas is employed to an ever- 
increasing extent for illumination and for cutting and melting metals (by means 
of the oxygen-acetylene flame). 

(3) It may be prepared from methane by converting it into 
chloroform, from wliich chlorine is removed by means of red hot 
copper or heated metallic sodium (FiUig), Bromoform, CHBr3 (B. 
25 , R. 108), and iodoform, CHI3, are very readily changed by silver 
or zinc dust into acetylene : 

CH 

2CH4 >-2CHC1, ^|l| . 

CH 

0 

(4) Formerly acetylene was always made from ethylene bromide 
by the action of alcoholic potassium hydroxide (A. 191 . 268). At first 
the ethylene bromide loses a molecule of hydrogen bromide and 
becomes monobromethylene or vinyl bromide, which in turn loses a 
molecule of hydrogen brdnflde with the production of acetylene : 

CH,OH CH, Br. CH,Br 

I ->li ■> I H-KOH 

CH, CH, Cn,Br 

CHBr 

II +KOH 
CH, 

As ethylene is invarij£bly« obtained from ethyl alcohol and sul- 
phuric acid, this metliod allies acetylene genetically with ethyl 
dochol. 

Acetylene is also ferfned when qu&ternary piperazonium salts 
[q.v.) are boiled with sodium hydroxide solution (B. 87 , 3507). 

(5) Acetylene is also produced by the electrolysis of the alkali 
>alts of the two isomeric dicarboxylic acids — maleic and fumaric 
[Kekul^, A. 181 , 85) : 

HOiH CH * H 

+ i «1|1 -|.2CO,+2KOH-f I (p.65). 

HOiH CH H 


CHCO.K 

II ; 

CHjCOiiK 
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( 6 > Acetylene is given off when so 6 fum hydroxide solution acts on propargyl. 
aldehyde: 

CH^-CHO+HONa«CH=CH+CHOONa. • f 

(7) It is woHhy of note that potassium acetylene-monocarboxylate and silver 
acetylene-dicarboxylate are readily converted, when warmed with water, into 
carbon dioxide and acetylene, and silver acetylide respectively (A. 272, 139). 
The stability of the dicarboxylic^ acids is very much influenced by the 
of union of the carbon atoms, to which the carboxyl groups are attached. 

AgO,C.C^.CO,Ag= AgC3:Ag +200,. 

Acetylene is further formed when many carbon compounds, like 
alcohol, ether, methane, ethylene, etc., are exposed to intense heat 
(their vapours conducted through tub^ heatdd to redness). Hence* 
it is present in small amount in illuminating gas, to which it imparts 
a peculiar odour. ^ * • 

Properties . — ^Pure acetylene is a gas of ethereal, agreeable odour, 
and may be liquefied at +i° and under a pressure of 48 atmospheres. 
It solidifies when rapidly vaporized and then sublimes at —82® 
(B. 33 , 638). It is a strongly endothermic compound, of which the 
heat of formation is —61 Cal. It is llightly soluble in water ; more 

readily in alcohol and ether, and easily in methylal, acetal, ethyl 

acetate, and acetone (C. 1897, I. 800). It bums with a very smoky * 
flame, and with air (9 vols.), but especially with oxygen (2J vols.), 
forms an exceedingly explosive mixture {Anschiitz). Under certain 
conditions acetylene decomposes with generatipn of heat and sudden ■ 
increase in volume. When subjected to high pressure, and especially 
when liquefied this decomposition is extremely dangerous (C. 1897, 
II. 332 ; fSgg, I. ioi8). 

Reactions . — Nascent hydrogen converts acetylene into C2H4 and 
C2H0. Ordinary hydrogen (2 vols.) and acetylene (i vol.), passed 
over platinum black, form C2Hfl (B. 7 , 352). Finely divided Ni, Co, 

Fe, and Cif behave similarly (C. 1899, I. 1270 ; 1900, IF 528), 

producing at the same time high molecular cork-like condensation 
products (B. 32 , 2381). Acetylene cjpmbines with HCl and HI, 
forming CH3CHCI2 und CHgCHIg. 

Acetylene reacts with chlorine gas in the sunlight with a slight explosion. It 
forms a crystalline compound with SbCl,, which is changed by heat into dichlor- 
ethylene, CHCl kCHCl, and SbCl,. With bromine it forms C,H,Br, and C,H,Br4 
(A. 221. 138). ^ ^ 

In contact with HgBr, and other mercury salts«acetylene unites with water to 
yield aldehyde, which is also produced when acetylene alone is heated with water 
to 325®, or when it is passed into dilute sulphuric acid in presence of HgO (C. 1898, 

II. 1007). Fuming sulphuric acid absortjs Acetylene, forming acetaldehyde 
di-sulphonic acid and methionic acid (g.w.). With HCIO and HBrO acetylene 
forms dichlor- and dibromacetaldehyde (C. 1900, II# 29). Acetylene unites , 

an aqueous solution of mercuria nitrate to form substance — 

NO.Hg. /H* 

OHg.^V)’ 

which can also be obtained from acetaldehyde ; similarly, trichloromercuriacetalde- ' 
hyde (ClHg)«C.CHO is produced with mercuric chloride solution (B. 37 , 
m;the case of mercuric nitrite or chlorate, however, the similar compouiida whmli 
formed, are explosive (B. 88, 1999)* In diffused daylight, contact with 
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potassium hydroxide solution and air, a(?e(.ylene changes into acetic acid. Oxyda- 
tipn with nitric acid leads to the formation of nitroform CH(NOs)9, and other 
bodies (C. 1901, II. 177). Acetylene unites with diazomethane, producing 
pyrazole (see Vol. II.). ^ 

Acetylene polymerizes at a red heat, three molecules uniting to 
form one molecule of benzene, CgHg. This is one of the most striking 
transitions from the aliphatic to the aromatic series and, at the same 
time, constitutes a synthesis of th(? parent hydrocarbon of aromatic 
substances (Berthelot). 

This conversion will take pla<Le at the ordinary temperature if acetylene be 
passed over pyrophoric iron, nickel, cobalt, or platinum sponge (B. 29 , R. 540 ; 
see also above). ' 

Metallic Derivativas of Acetylene, — The two hydrogen atoms of 
acetylene can be replaced*^ by metals. The alkali aiid alkali earth 
acetylides are stable even when heated, but are decomposed by water 
with the liberation of acetylene. Copper and silver acetylides when 
dry are exceedingly explosive, but are stable in the presence of water. 
Acids evolve pure acetylene from them. 

Sodium Acetylides, CH:ECNa and CNa^CNa are produced when sodium is 
heated in acetylene gas (C. 1S97, 1 . 966 ; 1S99, 1. 174 ; 1904, II. 1204). Calcium 
Acetylide or Calcium Carbide, CjCa, is formed when calcium oxide is reduced by 
carbon at a red heat (Wohler, 1862), and when a mixture of calcium oxide and sugar 
carbon is heated in electric furnaces to 3500® (Moissan, B. 27 , R. 238 ; C. 1899. 
II. 1093). It is a homogeneous mass, colourless in its purest form but usually 
obtained of a grey tint, and shows a crystalline fracture. If fragments of 
calcium carbide are dropped into a tall glass cylinder filled with saturated chlorine 
water, the liberated acetylene will combine with the chlorine with the production 
of flame. Gas-bubbles, giving out light, rise in the liquid and when they reach 
the surface burn there wdth a smoky flame Lithium Carbide, C2Li2, is obtained 
fropi lithium carbonate and carbon (B. 29 , R. 210). Csesium Carbides, CjHCs 
and C2CS2, and Rubidium Carbides, CgHRb and C2Rb2, are produced when 
acetylene is led into solutions of caesium-ammonium and rhubid^m-ammonium 
in ammonia (C. 1903, II. 105). * 

Slhrer Acetylldd, C2Ag2, a white precipitate, and Copper Acetylide, C2CU2 
(B. 25 , 1097 ; 26 , R. 608 ; 27 , R. 466), a red precipitate, are formed when acetylene 
is conducted into ammoniacal silver or cuprous chloride solutions. The dry salts 
explode violently when they are heated ; the silver salt even doei this when gently 
rubbed with a glass rod. In a solution of silver nitrate acetylene precipitates the 
compound HC-HCAg.AgNOa (B. 28 , 2108). Gold Acetylide, C2AU2, a yellow pre- 
cipitate, is obtained from acetylene and a solution of ammoniacal gold-sodium 
thiosulphate (C. 1900, I. 755). Pure acetylene is set free by acids from these 
metallic compounds. The copper salt serves for the detection of acetylene in a 
mixture of gases. Mercury Acetylide, CjIIg, is thrown out as a white precipitate 
from alkaline solutions of mercuric oxide. It explodes violently when heated 
rapidly. v „ 

Acetylene Homologres. — The diolelines are isomeric with the 
homologues of acetylene. i^They contain like number of carbon 
atoms, e^. allene, CH2=C=CH2, is isomeric with methyl acetylene 
(aUylene) CH3.CSCH ; divinyl, CH2 : CH.CH ; CH2, with dimethyl 
acetylene (crotonylene), CH3.C i C.CHa, 

The higher homologues, just like acetylene, are mostly prepared from 
the mono-halogen and di-hdogen substitution .products of the olefines, 
the olefine dibromides, by the action ot alcoholic potassium hydroxide, 
c.g. from CHaCClsCH,: aUylene; from CH3.CHBr.CHBr.CH1: 
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crotonylene, CHsC=C.CH3. In this manner a host of higher acetylene 
homologues have been prepared from the dibromides of the hlghdr 
olefbes (B. 3 J, 3586). Alkines ^re also obtained by the action of 
alcoholic potassium hydroxide on aldehydic and ketonic chlorides, 
e.g. oenanthylidene chloride yields cenanthylidene CH3[CH2]4(^CH 
(C. 1900, II. 1231), 

When strongly heated with alq^hol the acetylene formed frequently 
undergoes a ivansposiiion ; thus, ethyl acetylene, CjHi.C^CH, yields dimethyl 
acetylene, CHj.CiEC.CHa, and propyl acetylene, CjH^.C^CH, furnishes ethyl 
methyl acetylene, CaHj.C-X.CHj, etc. (B. 20 ,«R. 781). Symmetrically consti- 
tuted bodies may be formed from unsymmetrical compounds. 

The reverse transposition sometimes occurs on heating with metallic sodium ; 
ethyl methyl acetylene passes iVito propyl qcetylene, and dimethyl allene, 
(CH3)2C=C=CH2, yields isopropyl acetylene, etc. (B. 21, R. 177). 

Acetylenes are also formed in the electrolysis of unsaturated dibasic acids : 
thus, allylene is Ibrmed in the electrolysis of the** alkali salts of mesaconic and 
citraconic acids. 

Acetylene and its homolo^es unite with hydrogen to form olefines, 
which in turn pass into paraffins. By the addition of halogen acids or 
the halogens mono- and di-haloid olefines are formed. The further 
addition of halogen acids and halogens to these yields di-, tri-, and 
tetra-halogen substitution products of the paraffins. 

Hypochlorous and hypobromous acids convert the alkines into dichloro- and 
dibromo-kelones, e.g. allylene CHj.C”'CH with HlirO yields asymmetric dibro- 
maceloiie (C. 1900, II. 29) ; also, methyl ethyl acetylene CaHjC^C.CH, with 
2HCIO gives a-dichloroprop^l methyl ketone CHaCHjCCl^.CO.CH, (B. 28 , R. 781). 
When healed with water to 325®, the alkyl acetylenes yield ketones (B. 27 , R. 750 ; 

28 , R. 173). 

A characteristic of all mono-alkyl acetylenes, as well as of acetylene 
itself, is their power to yield solid crystalline compounds by the action 
of ammoniacal solutions of silver and cuprous salts, from which ih^y 
can be regenerated by warm hydrochloric acid. This behaviour 
affords a very convenient method for separating the acetylenes^'from 
otheifc gases, and obtaining them in a pure condition. 

The acetylenes are absorbed by concentrated sulphuric acid ; some 
even polyinerizevto aromatic derivatives. 

In the presence of HgBrg and other salts of mercury, the acetylenes unite 
with water: acetylene yields aldehyde, CgH^O ; allylene, C3H4, acetone, CsH^O ; 
valerylene, CjHg, a ketone, CjHiqO (B. 14 , 1540, and 17 , 28). Very often 
moderately dilute* sulphuric acid will act in the same way ,* methyl n-propyl 
acetylene gives two isomeric ketones when treated with approximately 8 per 
cent, sulphuric acid. 

The boiling points of some of the acetylenes are as follows : — ^ ^ 

Allylene, Methyl Acetylene [Propine] ....•) CHjC^CH Gas 

Crotonylene, Dimethyl Acetylene [2-Butine] - • • CHjC^CCHj 27® 

Ethyl Acetylene [3-Butine] CgHjCl—CH 18® 

Methyl Ethyl Acetylene [3-PentiLe] . • • -4 .., CjHjC^^CCHa 55 * 

n.-Propyl Acetylene [4-Pentine] n-CgH^C^CH 48® 

Isopropyl Acetylene [3-Methyl-i-Butine] . . . (CH 3)2^11. C—CH 28® 

Methyl n.-Propyl Acetylene [4-Hexine] .... n-C3H7C^=C.CH8 84® 

Allylene and crotonylene deserve consideration, lAL'cause, when brought into 
contact with concentrated sulphuric add, they pass into symmetric trimethyU 
henxene and hexamethyUhenzene. 
aCH.C^H 
SCHtC^CH, 


C8Hs[i, 3,5](CH3)8— Mesitylene. 
> C»(Cg[,) 8 — Hexametjxyl Benaene. 
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Interaction between sodinm alkine^ and add chlorides produced the alkine 
|,*ketones ; a.g. sodium oenanthylidene and acetyl chloride yield oenanthylidene 
methyl ketone CH,[CH,]4C^.C0.CH Sodium alkines and trihydroxy methyl- 
ene give sodium alcoholates RC=CCfIsOH. CO2 combines, with the sodium 
alkines forming acetylene carboxylic acids: sodium acetylene gives sodium 
propiolate CH^.COONa. 

On the higher alkyl acetylenes, see B. 25 | 2245 ; 88» 3586. 

3. DIOLEFitNES, C„Ha„^2 

The diolefines are not capable of forming silver and copper com- 
pounds, but give precipitates with mercuric sulphate and cldoride in 
aqueous solution (B. 21, R. 185, 717 ; 24 , 1692). 

The Geneva names ” for tlie diolefines are derived by inserting a 
“di,” for the number of double linkages, before the final syllable 
" ene '' — e,g. [propadiene] for symmetric allylene. 

The diolefines are prepared by splitting off hydrobromic acid from 
the paraffin dibromides by means of alcoholic potassium hydroxide, 
pyridine or quinoline ; as well as by heating the diamine phosphates 
(B. 34 , 300). 

Diolefines with a ‘'conjugated double binding” — CH=CH.CH 
=CH — often add bromine or hydrogen in the 1,4 position ; e.g, 
butadiene gives 1,4-dibromobutene BrCH2.CH=CH.CH2Br. 

Ozone unites with the diolcfines forming diozonides, of which the 
decomposition (p. 84, fib), caused by water, assists in the elucidation 
of its constitution. * Atmospheric oxygen is ilso absorbed with greater 
or less ease by diolefines. On polymerization, see B. 35 , 2130, etc. 

Of the numerous hydrocarbons of this class some are worthy of note because 
of their genetic relations. They are : , 

Allenc, sym. Allylene [Propadiene] . CH,=C— CHg Gas 

Di vinyl, Erythrene [i, 3-Butadiene] . CHa=CH — CH=CH2 B.P. — 5® 

Pyrrolylene 

Pipecylene, a-Methyl Butadiene . . CHa=CH — CH=CH-— |CH, ,,42® 

Isoprene, j8-Methyl Butadiene . . . C(CH8)=CH2 ‘35® 

Di-isopropenyl, fiy-Dimethyl Buta- 
diene CHa-CfCHa)— C(CH,)-CHa 71® 

1,1,3-Trimethyl Butadiene . . . . (CH8)*C:CH.G(CHJ:CHa .,93" 

Diallyl [1,5-Hexadiene] . . . . CHa=-CH— CHa—GH,— CH=CH2., 59® 

2.5- Dime^yl-i,5-Hexadiene . . . CHa=C(CPIa).CHa.CHa. 

,. 137® 

1.1.5- Trimethyl-i,5-Hexadiene . . . (CHJaC : CH.CHa.CHa- 

C(CHa)-CHa .,141® 

Conylene [1,4-Octadicne] ♦. . . . CH2=CH — CH* — CH = 

CH-CHaCHaCHa ,. 126® 

Aliens is obtained by electrolysis of potassium itaconate (p. 515) ; also by 
heating bromomethyl acryLc acid, and by decom|X>sitiou of dibromopropylene 
CHjBr.CHBr ; CH* by z[pc dust. Contrary to allylene, it is not ab^rbed by 
ammoniacal silver nitrate, but, like it, gives the same white mercury precipitate, 
which is decomposed by acjd% yielding aceton6'(A. 842 , 185). 

Dlvlnyl, Erythrene, or Pyrrolylene is found in compressed illuminating gas, 
and serves as the parent substance for the synthesis of erythritol, from which 
it results on boiling with formic acid. It is called pyrrolylene because it is formed 
in the breaking down of pyrrolidine or tetrahydropyrrole (Vol. II.) (B. 1 ft, 569 ; 

A, 808 , 333). 

Plperylene and Conylene are formed in the .same manner from piperidiso 
(Vol. II.) and coniine (Vol. II.) (B. 14 , 665, 710 ; A. 81 ft, 226). Fiperylene.,ja 
produced from 2,4-dibromopentane by the abstraction of aHBr by quinoEtte 
^ 190Z, 11 . Z83). . k. 
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IfOfkrone, a distillation product if caoutchouc, is closely related to the 
terpenes. It is called a hemiterpene, Lnd by spontaneous polymeriration payees 
into dipentene or cinene (Vol. II.), and then back into caoutchouc (B. 25 » R. 644). 

Th& latter hhange can be accelerated by the catalytic action of a number ai 
substances, notably metallic sodium. 

z,x,3-Trl]liethyl-butadiene is obtained from mesityl oxide by methyl magne-" 
sium iodide, when water is split off from the olefine alcohol first produced (B. 8T, 

3578)- 

z,i,5>Trlmetliyl-i,5‘hexadiene is stmilarly produced from methyl heptenone. 
Its diozonide (p. go) on decomposition yields laevulinic aldehyde (A. 343 , 362). 

2,5*Dlmethyl-x,5-hexadiene is obtained, together with an isomeric hydro- 
carbon, from 2,5-dimethyl-2,5-dibromohexane< its diozonide yields formaldehyde 
and acetonylacetone (A. 343 , 365). 

Dlbopropenyl is obtained from tetrametbyl ethylene •'dichloride (from HCl« 
and pinakone) and alcoholic potassium hydroxide (C. X900, II. zo6i). 

Diallyl results from the action of sodium on allyl iodide ; its ozonide yields 
succinic aldehyde (A. 843 , 360). • 

« 

4. OLEFINE ACETYLENES 

By this name are understood the hydrocarbons containing both doubly and 
trebly linked pairs of carbon atoms in their molecules. Many of them are known, 
but none^deserve special consideration. * 


5. DIACETYLENES, C,,Han-* 

Dlaeetylene, HC • C.C • CH, is formed from diacetylene dicarboxylic acid. It is 
a gas that yields a yellow precipitate with an ammoniacal silver solution. The two 
hydrocarbons, diproparg5d and dimethyl di-acetylene, pre isomeric with benzene. 

Dlpropargyl, CH • C.CHa.CHj.C • CH, b.p. 85®, is formed on warming solid 
crystalline diallyl tetrabromide, CsH^oBra, with aqueous potassium hydroxide. 
It is a very mobile liquid, of penetrating odour. It forms copper and silver 
derivative;^ If dipropargyl be flowed to stand, it becomes resinous. ^ 

Dimethyl Dl-acetylene, CHa.C-3:^.C^C.CHa, m.p. 64® ; b.p. 130®, has been 
obtained from the copper derivative of allylene (B. 20 , R. 564). •• 


• * 6. TRIOLEFINES, CnH,„_, 

1. 1, 5.5 - Tetram6thyl-4 - methene - 1,4 - pentadiene, (CH,) ,C==CH.C(;CH,).CH : 
C(CH,),, b.p.j, 55-57®, is prepared from phbrone and methyl magnesium 
iodide (B. 87 , 3J78). * 


II. HAIjOGEN DERIVATIVES OF THE HYDROCARBONS 

The halogen substitution products result from the replacement of 
hydrogen in the hydrocarbons by the halogens. The number N of 
substitution products in the normal saturated hydrocarbons, containing 
an even number of n carbon atoms, can ^calculated by the formula : 

•»r= 8 X 3 +2x3"^ 

and when n is odd : „ 

•N=8x 3 +2x3 . 

in which the unsubstituted hydrocarbon itself is counted. 

If na2, then N»io ; if n=3* then N=30 ; if « =4, then N= 78; 
fi =5 N=234 fi=6 N=666 n=7 N=i 998 . 

* For these formulae, the author expresses his tlianks to Herr Geheimradi 
A* V. BatyWt of Munich. « 
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Thus 9 chlorine substitution prcmucts can be derived from ethane. 
^ In the discussion of the metho/ls of formation and the reactions 
of the saturated and unsaturated aliphatic hydrocarbons, their haloid 
derivatives were constantly encountered. We have also learned the 
methods of producing these alkylogens, proceeding from the hydro- 
carbons. They are : 

(i) Formation by the direct substitution of the saturated hydrocarbons. 
It was emphasized in the case of methane (p. 72) and ethane (p. 74) 
that these hydrocarbons, usually so very stable, were attacked by 
chlorine. A molecule of hydrogen chloride is produced for every 
hydrogen atom replaced by chlorine, until the entire hydrogen content 
is substituted. Methane, CH4, 3delds finally tctra- or perchloromethane, 
CCI4, whilst ethane gives hexa- or perchlorethane, C2Clfl. 

The action of free chlorine on the paraffins is accelerated by sunlight, as is 
the case when it acts on free hydrogen (Inorg. Ch.)r ; by the so-called chlorine 
carriers, such as iodine, which exerts its influence by the formation and decom- 
position of ICla (Inorg. Ch.) ; by the similar behaviour of SbClg which decomposes 
by heat into SbCl, and Clj; and by AICI3 (C. 1900, II. 720), etc. In very 
energetic chlorination the carbon chain is ruptured (B. 8, 1296 ; 10, 801). 

The final products are CCI4 and hexa- or perchlorobenzene, CgClj, with per- 
chlorethane, CjCl,, and perchloromesole, C4CI4, as intermediate products (B. 24, 

lOIl). 

The substituting action of bromine may be accelerated by heat, sunlight, or 
AlBrs (C. 1900, II. 720). 

Iron is an excellent carrier of chlorine, bromine, apd iodine. Its action seems 
to be due to the formation and decomposition of compounds with ferric halides 
(A. 226, 196 ; 231, 158). When it is used as a bromine carrier, every normal 
hydrocarbon passes into that bromide which contains just as many bromine 
atoms as it has carbon atoms (B. 26, 2436) ; a bromine atom attaches itself to 
each carbon atom. 

Usually iodine does not substitute well, inasmuch as the final iodine products 
undergo reduction through the hydriodic acid formed simultaneously with them : 

^ C,H,l+HI=-C,He-M,. 

In the presence of substances capable of uniting or decomposing HJ (like 
HIOb and HgO), iodine frequently effects substitution : 

5C3H4-H2l,-hHI03=5C3H,I+3HaD ^ 

2C,H8+2l,+HgO=2C8H7l-f-H30-f-Hg'la. 

In direct substitution a mixture of mono- and poly-substitution products 
generally results, and these arc separated by fractional distillation or crystalliza- 
tion. The attack of chlorine on a long paraffin chain, e,g. n-lfbxane, is directed 
against the CH, groups before the CH^ (B. 39, 2138). 

(2) Mono- and polychloroparaffms can be converted into mono- 
and polybromoparaffins by means of AlBrs (C. 1901, 1 . 878). Among 
the bromoparaffins the bJ-omine can be replaced partially by fluorine 
by means of SbFg (C. 1-899, II. 281 ; 1901, II. 804). Boiling with an 
alcoholic solution of an fal^ali iodide caifSes a partial replacement of 
the halogens in the chloro or bromo rparaffins (B. 39 , 1951). 

(3) The unsaturated aliphatic hydrocarbons, the olefines (p. 84), 
and acetylenes (p. 87), ^ unite with hydrochloric, hydrobromic, and, 
especially easily, liydriodic add. The halogen acids can be used in 
a glacial acetic acid (B. 11, 1221), or concentrated aqueous solution. 

(4) The free halogens are still more easily absorbed than their 
ilcids (p. 84). 



ALKYL HALIDES 93 

Two further reactions, akel&y indicated above, bring about 
halogen substitution products! from aliphatic bodies containing 
oxygen : , I 

(5) Substitution of the hydroxyl group in alcohols by fluorine, 
chlorine, bromine, and iodine by means of their halogen acids, or 
their compounds with phosphorus (p. 132). 

(6) Action of phosphorus pentachlQiide, phosphorus chloro- 
bromide, and phosphorus pentabromide, on aldehydes and ketones. 

These last methods of formation will be more thoroughly discussed 
under the individual groups of halogen substitution products. 

Beactions of the Hdogen Derivatives. — ^The. reactions which 
take place among the halogen-parafiin cc^mpouirds liave been referred ^ 
to under mode of formation (2) (above). The iodine derivatives are 
the most unstable. In the light they rapidly acquire a red colour, 
with the separation of iodine. Tlie chlorides and bromides, rich in 
hydrogen, burn with a ‘green-edged flame (p. 8). 

(1) Nascent hydrogen (zinc and hydrocliloric acid or glacial acetic 
acid, sodium amalgam and water) can reconvert all the halogen deri- 
vatives, by successive removal of the*halogen atoms, into the corre- 
sponding hydrocarbons (p. 73) : 

CHCl3+3ni=CH4+3HCl. 

This change is called a retrogressive substitution, 

(2) Alcoholic sodium and potassium hydroxides cause the separa- 
tion of halogen acid, and the production of unsaturated com- 
pounds (p. 81) : 

^ CH,.CHa.CHsBr + KOH=CH3.CH:CH2-fKBr+HjO. 

Propyl Bromide. Propylene. , 

In this reaction the halogen carries away with it the hydrogen of the least 
hydrogenized adjacent carbon atom (comp. p. ^^2). Such a decomii^sition 
sometimes occurs on application of heat, and is favoured by the presence of 
anhydrous metallic chlorides (C. 1905, II. 750). 

• t 

Many other’ reactions of the haloid compounds will be discussed 
later. 


A. HALOGEN PARAFFINS 

I. MONOHALOGEN PARAFFINS, ALKYL HALIDES 
C„Han+iX * 

»» 

These are genetically connected by reactionc with the alcohols, which 
are almost always employai in their preparation. On comparing the 
formulae of the alkylogens with those of tlie 'halogen hydrides, 

HF HCl HBr HI 

CjH.F C,HeCl C.HjBr,. C,H.I 

it will be seen that they .can be regarded as haloid acids, in which the 
hydrogen atoms have been replaced by hydrocarbon residues. As the 
latter, together with the water residue, constitute the monohydric 
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(monacid) alcohols, they are called a^ohol radicals or alkyls; Acids, 
th^ hydrogen of which is replaceable | y metals, yield acid esters when 
alcohol radicals are substituted for tljit hydrogen. The pionohalogen 
alkyls are therefore discussed as haloid esters, at the head of the acid 
esters of the monohydroxy-alcohols. 


% 

2. DIHALOGEN PARAFFINS, 


(a) Dihalogen paraffins, wl>ere two halogen atoms are attached to 
two different carbon atoms, may be viewed as the haloid esters of 
''dihydroxy-paraffin alcohols qr glycols. They can be derived from 
these and will be considered together with them : 


CH,C1 CHa.OH • 

I I 

CH3CI CHj.OH 

Ethylene Chloride. Ethylene Glycol. 


XHaBr 

CH,<( 

XH,Br 

Trimethylene 

Bromide. 


VCHj.OH 

ch/ 

\:h,.oh 

Trimethylene 

Glycol. 


( 6 ) Dihalogen paraffins, thd two halogen atoms of which are 
^ attached to the same carbon atom, may be termed aldehyde halides, 
if the carbon atom is terminal, and ketone halides, when the carbon 
atom occupies an intermediate position. Indeed, these compounds 
can be obtained from the aldehydes and ketones by means of phos- 
phorus halides. Theyjwill, therefore, be discussed after the aldehydes 
and the ketones : 


CHCl, CHO 

I I 

CH, CH 3 

Ethylidene Chloride Acetaldehyde. 
Aldehyde Chloride. 


/CH. 

cci,/ 

XH, 

Acetone Chloride 
/S-Dkhloroprop ane . 


co< 


yCU 


Acetone. 


s 

# 

a 


It should be remarked here that the unsymmetric ethane dihalide^ 
— e.g. CH3.CHCI2, ethylidene chloride — have lower boiling points -and 
lower specific gravities than the corresponding symmetric isomers 
— e.g. ethylene chloride, Cft2tl*CH2Cl. . , 


3 . PARAFFIN POLYHALIDES ^ 

The paraffin polyhalides, containing but one halogen atom to each 
carbon atom, will be discussed after the corresponding polyhydric 
paraffin alcohols. • , 

' The simplest and most? important representatives of the paraffin 
trihalides, in which thr^ halogen atoms are attached to the same 
carbon atom, are the methane trihalides : a 

CHF, CHCl, CHBri CHI, 

Fluoroform. Chloroform. Brotnoforin. Iodoform. 


They are so intimately related to formic acid and its derivatives 
. JlmMhey will be considered after this acid. . 

most important paraffin ietrahalides are the methane teira- 
They bear the same relation to carbonic acid that the methane 
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trihalides do to formic acid. The^ will, therefore, be treated after 
carbonic add : 

CF« • CCI4 ■> CBr* CI4 

Methane Methane Methane Methane 

Tetrafluoride. Tetrachloride. Tetrabromide. Tetraiodidc 

These compounds are also called methane perhalides, to indicate 
that the hydrogen in them is completely replaced by halogens. 

Polyhalide Ethanes . — ^The following table contains the boiling 
points of the known polychlor- and polybrom-ethancs : 


Name. 

Formula. 

M.P. 

B.P. 

Fonui^a. 

id.P. 

B.P. 

Vinyl Trichloride . ^ . 

j 8 -Trichlorethane * . 
Ethenyl Trichloride . 
a-Trichlorothane . 
Methyl Chloroform 

CH2CI 

CHCla 

CCl., 

CHs 

— 

ii 4 » 

74 ■5'’ 

CHDr, 

■ CH,Br 

— 

187-188® 

sym.-Acetylene Tetrachlo- 
ride 

CHCla 

CHCla 

— 

0 

■ ^ 

M 

( H 15 ra 
CUBr^ 

— 

102® 

{12 mm.) 

unsym.-AcetylideneTetra- 
chloride 

CCI3 

CHaCl 

— 

129® 

CBr, 

CIlaBr 

— 

105® 

(13-5 inm.) 

Pentachlorethane 

> 

CCla 

CHCla 

— 

159° 

CBra 

CHBr, 

54" 

decomposes 

Perchlorethane ... 

• ♦ 

CCl, 

CC13 

187° 

sublimes 

CRr, 

•CBra 

— 

decomposes 
at 200-210® 
without 
melting. ^ 


For the relations existing between the boiling p^ii|ts and specific volumes of 
the halogen substitution pifoducts of the cthhnes, see B. 16 , 2559. As to the 
refractive power of the brominated ethanes, see Z.* phys. Ch. 2 , 236. 

The polychlor- and polybrom-ethanes have few genetic relation- 
ships with the oxygen compounds corresponding with them. The 
methods of formation and the reactions of the pblysubstituted ethanes 
are most intimately related to the methods of formation and the 
reactions of the halogen substitution produces of the ethylenes and 
acetylenes, a tabular view of which will be given in the following 
section. They will, therefore, precede the discussfon of the latter. 

It may be merely mentioned here that by the action of chlorine on ethyl 
chloride and ethylidene chloride in sunlight methyl chloroform or a-trichlorethane, 
CHgCCla, is produced, together with vinyl trichloride, CH2CI.CHCI2. The 
furi^er action of chlorine on the trichlorethanes,, produces CHjCl.CCl*, 
CHCl,.CCla, and perchlorethane. CCla-CCla. CHClj.CHCla is formed from 
acetylene dichloride and chloriqe, as well as from dichloraldehyde by means of 
phosphorus pentachloride (B. 16 , 2563). Qnly methyl chloroform, CHa.CQa, 
related to acetic acid in the same way as chloroform is to formic acid, will be 
■‘further deecribed, together with the chloydes of the fatty acids. Ac§tylen$ , 
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ietrachlofide, sym.^Tetrachlorethane, C]^l2.CHCl2 is prepared by the direct union 
^ of acetylene and chlorine (p. 87). 1'*ie gases combine quietly when they are 
led separately into boiling water, or whc i sulphur chloride is alternately saturated 
with chlorine and acetylene in presence of iron powder (p. 1905, I. 1585 ; 
1096, II. 746). 

Perehlorethane, CaCl*, m.p. 187®; b.p. D=2 oi, results, together 

with perchlorobenzenc (Z. Elcctroch. 8, 165), from the direct union of carbon and 
chlorine when an electric arc is struck in an atmosphere of chlorine. A good 
yield is obtained when carbon tetrachloride is warmed with amalgamated alu- 
minium (B. 38, 3058). It forms a crystalline mass, with a camphor-like odour. 
It sublimes at the ordinary pressure, as its critical pressure lies below 760 mm. 
When its vapours are conducted through a tube heated I0 redness it breaks 
down into Cl 2 and pevchloYethylenc. It yields the latter compound when it is 
' treated with potassium sulphide. 

a-Tribromethane, CHj.CBraMhas not yet been prepared. 

Acetylene Tetrabromide, CHBrj-CHBrj, is obtained from acetylene and bromine. 
Zinc dust and alcohol ponvert it into acetylene dibromide (A. 221, 141), whilst 
benzene and AICI3 change it^into anthracene (q.v. Vol. II.). * 

Perhromethane, CgBr^, is obtained by the addition of bromine to acetylene 
tetrabromidc in the presence of aluminium bromide (C. 1898, I. 882). It is a 
colourless, crystalline compound, dissolving with difficulty in alcohol and ether. 
It breaks down at 200® into bromine and perbvomethylene, CrBr4. 

Five structural cases are possiblefortrisubstituled propane. Tliemost 
important of these derivatives have the structure CH2X.CHX.CHX2, 
corresponding with glycerol, CH2(OH).CH(OH).CH2(OH). They will 
be discussed after the latter. 

Mixed Halogen Substitution Products of the Pq^affins . — There are numerous 
paraffins containing different halogens side by side in the same molecule. 


B. HALOGEN DERIVATIVES OF THE OLEFINES 

As a general rule, the halogen substitution products of the un- 
sat^rated hydrocarbons cannot be prepared by dire(;>t action of the 
halogens, since addition products are apt to result (p. 82). TJiey are 
produced, however, by the moderated action of alcoholic potassium 
hydroxide (C. 1901, Lof6; II. 804), or Ag20, on^tlie disubstituted 
hydrocarbons CnH2nX2. This reaction occurs very readily if the 
addition products of the olefines are employed : 

C^U^Cl^ + K011=C^U^Cl+KC\-\^H^O. . 

Ethylene Monochlor- 

Chloride. ethylene. 

VTien the alcoholic potassium hydroxide acts very energetically, 
the hydrocarbons of the^ acotylene series are formed (p. 86). Being 
unsaturated compounds? they unite directly with the halogens, and also 
with the halogen acids : 

• * 

‘ *0112 CHaBr 

II +Br2= I 

CHBr CHBrj 

These reactions indicate that ethylene is the parent substance for the pre- 
paration of nearly all the halogen-substituted ethanes and ethylencs, as well as 
for the preparation of acetylene. 

The following diagram represents how, by the addition of bromine and the 
lose of hydrogen bromide, the bromine substitution derivatives of the ethanes 
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are connected with ethylene, with the jeihylene bromine derivatives, and with 
acetylene (A. 221 , : P 

CH,|°CH. — >CH..CH,Br 




-CHj=CHBr 


-HBr 


- CH,Br.CH,Br 



Vinyl Chloride, CHj=CHCl, and Vinyl Bromide, CH2r=CHBr, are obtained 
from ethylene chloride and ethylene bromide by the action of alcoholic potassium 
hydroxide, which, by continued action on them, produces acetylene. The group 
CH2=CH— is called vinyl. Vinyl chloride can also be obtained by heating ethy- 
lene dichloride or ethylidenc^dichloride (B. 35 , 352.^). 

The boiling points of the chlorinated and brominated etflylenes are given in the 
following table : 


1 Formula. 

H P. 

Formula. 

B.P. 

Vinyl ChloriJe, Monochlor- 




ethylene CH 2 -CHCI 

—18® 

CH2=CHBr 

+ l6®* 

Acetylene Dichloride, sym.- 


CHBr=CHBr 

Dichlorethyleim .... CHC1=CHC1 
Acefylidene Dichloride, un- 

+55° 

*10® 

sym.-TDichlorethylene . . CHa^CCU 

+37° : 

1 CHa-CBr, 

91° 

Trichlorethylene .... CHCl— CClg 


! CHBr=CBrj 

164® 

Tetrachlorethylene, Perchlor- 
ethylene ...... CCla~CCla 

121® I 

! CBr2=CBra , 

M.p. 

53 * 

Tetra-iodoethylene 


Cla^CI, 

(B. 26 , R, 289 ; 30 , 1200) . 


187° 


Consult A. 221 , 1 56, for the relations between the boiling points of the bromethancs 
and bromethylenes. The unsymmetrical compounds,* CH2=CHC1, CH2=CHBr, 
CHjbsCCI, and CHj—CBrj, polymerize quite easily (B 12 , 2076). CH2=CBrj 
and CHBr = CBr, yield CHaBr.COBr, bromace^l bromide, and CHBrj.COBr, 
dibromacetyl bromide (B. 16 , 291 S ; 21 , 3356) with^xygen. Ozonized air con- 
verts perchlorethylene into phosgene, COClj, and trichloracetyl chloride (B. 27 , 

509 f C. 1899, I* 588). Consult A. 235 , 150, 299, ibr the action of AlCl^ on 
polybromethanes and ethylenes, i!t the presence o^benzene. 

Tetra-lodoethylene Cl, : Cl, and DModoethylene Chf : CHI, m.p. 73®, are formed 
by the action of iodine and water on calcium carbide (B. 38 , 237). Fluorethylene 
(C. X901, II. 804). 

Three different mono-halogen products are derived^rom Propylene, CH^— CH 
^ CHf s 

(1) CH,— CH=CHX <2) CH|— CX=CH, (3) CH^X— CH«CH,. 

••Derivatives. * S-Derivatives. y-Derivatives. 

(i) The o-derivatives are obtained from the propylidene compounds, 

VOL. I. > 0 H 
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CHj.CHj.CHX, (from propyl aldehyd^/ when the latter are heated with alco- 
holic potassium hydroxide. ' r 

(2) The jS-derivatives, CHj.CXiCH,. rire prepared in pure condition from 
the halogen compounds, CHj.CXj.CHs p. 93)» derived from acetone. 

(3) The y-derivatives of propylene, CH2X— CH=CH2, are de- 
signated Allyl halides, because they correspond with ally! alcohol, 
CH2 : CH.CH2OH. They will be described after the alkylogens. 

ft 

C. HALOGEN ACETYLENES 

Acetylene Monochloride, CaHCl. has been obtained from dichloracrylic acid, 
CC1 j=CH.C 02H. by,the action of aqueous barium hydroxide. It is an explo- 
sive gas (A. 203 , 88 ; B.' 23 , 37 ‘^ 3 )- 

Acetylene Bromide, CgHBr, obtained from the dibromide by means ol alcoholic 
potassium hydroxide, is a gas, inflaming when in contact with the air. 

Dibromacetylene, CjHro, b.g. 77®, D —2*0, can be prepared fromtribromethylene 
by means of alcoholic potassium hydroxide. It is spontaneously inflammable 
(C. 1903, II. 531 : 1901. I- 231)- 

Acetylene Di-iodide, Cgl,, is produced when iodine acts on silver acetylide 
or calcium carbide, or when iodine and hypochlorites of the alkali metals act on 
acetylene (B. 37 , 4415) ; also by boiling barium iodopropiolatc with water 
(A. 308 , 326 ; B. 34 , 2718). It possesses an odour like phcnylisocyanide. It 
decomposes to a considerable extent into tetra-iodoethylene and carbon in the 
light or when heated (B. 37 , 3453). 

The halogen acetylene derivatives polymerize more easily than acetylene 
itself. The products are in part benzene derivatives : monobromacetylene 
yields tribromobenzene. 

aCH^CBr^C.HgBr,; sCH^CIi^CgH,!,. 

Tribromobenzeue. Tri-iodobenzene. 

Allylene Iodide, CHg • Cl, b.p. no®, is formed from silver allylene and iodine 
solution (A. 308 , 309). 

Perchloromesole, C4CL=CCl3.C^C.CCl3(.?) or CClj=CCl-CCl=£Cl, (?), m.p. 
39®, b.p. 284®, may be mentioned here. It frequently appears in exhaustive 
chlorinatiocs (B. 10 , 804 ; comp. B. 22 , 1269) 


OXYGEN DERIVATIVES OF THE METHANE HYDBOCAILBONS 

Acquaintance was macle with the simplest l^kin^ of the carbon 
atoms when studying the aliphatic hydrocarbons arid their halogen 
substitution products. The derivatives next in order are the oxygen 
compounds, which furnish further basis for the classification of the 
carbon compounds. They may be considered as being derived from 
the aliphatic hydrocarbons by the substitution of the univalent water 
residue — the hydroxyl group — OH, for hydrogen. 

But one of the several hydroxyl groups may become attached 
to each carbon atom. In the first instance alcohols result, which are 
neutral compounds, closr^ly related in many respects to water. Alcohols, 
according to the number of hydroxyl groups present in them, are 
classified as mono-, di-, tri-, and poly-hydric, because in the alcohols 
with one hydroxyl a univalent radical, and in those with two hydroxyls 
a divalent radical, etc., is in union with the water residues. There- 
fore the simplest monohydric alcohol contains one carbon atom, the 
simplest dihydric alcohol two carbon atoms, etc., as indicated in the 
following arrangement : 
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CH4 

CH,.OH 

Methyl Alco/j^, the simplest monohydric alcohol. 

CH, 

CH,.OH 

J 

Ethylene the simplest dihydric alcohol. 

CH, 

CH,.OH 

CH, 

CH,.OH 

1 


CH, 

1 

CH.OH 

1 

Glycerol, the^implest trjhydric alcohol. 

CH, 

CH,.OH 


CH, 

CH,.OH 


1 

CH, 

CH.OH 

1 

ErythriCol, the simplest tetrahydric alcohol. 

CH, 

1 

CH.OH 

1 

CH, 

CHj.OH 


CH, 

1 

CHj.OH 


1 

CH, 

1 

1 

CH.OH 


1 

CH, 

CII.OH 

1 

Arabitol, the simplest pentahydric alcohol. 

CH, 

CH.OH 


1 

CH, 

1 

CH2.OH 


CH, 

CHa.OH 


I 

CH, 

I 

CH.OH 


1 

CH, 

j 

CH.OH 

Mannitol, the simplest hexahydric alcohol. 

CH, 

CH.OH 


1 

CH, 

j 

CH.OH 


* CH, 

j 

*CH,.OH 



Or, hydrogen atoms attached to ^h^ same carbon atom of 
hydrocarbons ^re replaced by —OH groups. In such cases, with 
few exceptions, water splits off, and oxygen unites with its full 
valence to carbon. The following possibilities then arise : two 
hydroxyl groups replace two hydrogen atoms of a terminal CH3-group, 
or of an intermediate CH2-group; three hydroxyl groups replace 
three hydrogen atoms of a terminal CHs* group ; in either case, 
water always separates, e,g, : 
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Thus, three new classes of oxyd^A derivatives are formed : * 

■* •' (i) Compounds containing the ^wup --C<g are known as AUe- 
hyde$, where the group — C<h caiied the aldehyde group. 

(2) Compounc^ containing the group =C =0 in union with two 
carbon atoms are called Ketones. The group =CO is known as the 
keto- or ketone group. 

(3) Compoimds containing the group — are named Car- 
boxylic acids, in which the group — is called carboxyl. The 

alcohols, aldehydes, and ketones are neutral substances. The car- 
' boxylic acids are proneunced acids, and form salts in the same manner 
as the mineral acids. 

Aldehydes, ketones, and carboxylic acids are most intimately 
related to the monohydric alcohols. They are the oxidation products 
of alcohols, and will be discussed after them. Unsaturated hydro- 
carbons (olefines and acetylenes), in like manner, 3deld unsaturated 
alcohols, aldehydes, ketones, and carboxyUc acids. In the follo wing 
sections the unsatuthted derivatives will receive attention after the 
saturated compounds corresponding with them ; i.e. the unsaturated 
alcohols will follow the saturated alcohols. 

Similarly, an almost endless series of oxidation products are con- 
nected with the di-, tri-, and poly-hydric alcohols. These con tain 
the same oxygen-contdning atomic groups, as the monohydric alcohols 
and their oxidation products, but possess several of them in the <tan^ t. 
molecule. The multiplicity grows rapidly ; as will be seen later, nitin 
classes of oxidation products may be derived from the dihydric alcohols 
or glycols alone. 


Finally, when in methane, the four hydrogen atoms are replaced by hydroxyl 
groups, the loss of two molecules of water would be possible, and carbon dioxide, 
the_ anhydride of two acids incapable of free existence (orthocariionic acid and 
ordinary metacarbonic acid) would be obtained. The carbonates are derivedifrom 
the meta-acid. 

' 17 


.H OH xm. 

/oh C^H 

95h c<oh II 

H \OH O 

Methane. Orthocariionic Acid. Metacarbonic Acid, 


Orbon Dioxide. 


The carbonates are salts of a dibasic acid. Therefore, carbonic 
acid, with its numerous derivatives, will be discussed before the di- 
carboxylic acids, the final Orxidation products of the dihydric alcohols- 
or glycols, whose simplesbTepresentative is oxalic acid. 


m. THE HOKOHYRIUC ALCOHOLS AND THEIB OXIDATION 

FRODDCTS 


1. MONOHYDRIC ALCOHOLS 

The monohydric alcohols can be lookeii upon as consisting of 
water in which one hydrogen atom has been replaced by a monoi^ent 
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' hj^drocarbon residue. If both hjipogen atoms in water are so snb> 
stituted, there result the ethers, nch are at the same time all^l oxides 
or alcoholic anhydrides. if 


H\ c,H, 
H/o hP 

Ethyl Alcohol. 


C,H4o 


The monohydric alcohols contain one 'hydroxyl group, OH; bi- 
valent oxygen links the univalent alcohol radical to hydrogen, as in 
CHs-O.H, methyl alcohol. This hydrogen atom is characterized by 
its ability, in the action of acids on alcohol, to, be exchanged f<jr 
add residues, forming compound ether^ or esters, corresponding with 
the salts of mineral acids : 


• C,H,.OH+NO,.OH=C,H,.0.NO,+H,O 

Ethyl Alcohol. Ethyl Nitrate or 

• Nitric Ethyl Eitcr. 


Alkyls and metals can also replace the hydrogen in alcohol : 
C,H,.O.CH, • CjUj.ONa 

Ethyl Methyl Ether. Sodium Ethoxide. 


Structure of the Monohydric Alcohols. — ^The possible isomeric 
alcohols may be readily derived from the hydiocarbons. There is one 
possible structure for the first two members of the normal alcohols : 

CH,.OH 

Methyl Alcohol. Ethyl Alcohol. 


Two isomers can be obtained from propane, C3H8=CH3.CH2.CH3 : 

and 


CH,.CHa.CII,.OH 

Propyl Alcohol. 


CH,.CH(OH).CH, 

Isopropyl Alcohol. 


Tjvo isomers.correspond with the formula C4fr|o (p* 27) : 


CH,.CH,.CH,.CHs 
Normal Butane. 


and CHfCH,), 

^sobutaue. 


Two isomeric alcohols may be obtained from each of these : 


CH, 

CH, 

CH, 

CH,.OH 

Primary Butyl 
Alcohol. 


and 


CH, 

dH, 

CH.OH 
CH, 

Secondary Butyl 
Alcohol. 


/CH, /CH, 

CH(-CH,.0H and C(OII)(CH, 


Vh; 

I^im. IsobutyU 
Alcohol. 




Tert. Isobutyl 
Alcohol. 


An excellent method of formulating the alcohols was introduced by 
Kolbe in i860 (A. 118 , 3Cf7 ; 182 , 102). He regarded all alcohols as 
derivatives of methyl alcohol, for which he proposed the name carbinol, 
and compared the alcohols, formed by the Replacement of hydrogen 
not in union with oxygen by alcohol radicals, with the primary, second- 
ary, and tertiary amines, resulting from the replacement of the 
hydrogen in ammonia by sdcohol radicals. With this view as a basis,- 
Kolbe predicted the existence of secondary and tertiary alcohols. 
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Their first representative was discolfired shortly afterwards. By the 
replacement of one hydrogen aton» b carbinol by alkyls (p. 43) the 
'primary alcohols result : \ 1 g 


CH, 

loH CH*.OH 

Methyl Carbinol, or 
Ethyl Alcohol. 


CH,.OH 

Ethyl Carbinol or 
Propyl Alcohol. 


If the replacing group posscGses normal structure (p. 27), the primary . 
alcohols are said to be normal. In alcohols of this class the carbon 
atom carrpng the hydloxyl group has two additional hydrogen atoms 
(they contain the group — CH2.OH). Hence compounds of this variety 
may very easily pass into aldehydes (containing the CHO group) and 
acids (with COOH group) on oxidation (see p. 100) : 


CH, 

I 

CH2.OH 
Primary Alcohol. 


yields 


CH, 

I 

COH 

KUlehyde. 


and 


CH, 

I 

COOH 

Acid. 


The secondary alcohols result when two hydrogen atoms in carbinol, 
CHj.OH, are replaced by alkyls ; 


CH, 

CH, 

H 

OH 


CH, 

^:h.oh 


C,H, 

= CH.OH 


CH, 

Dimethyl Carbinol, or 
Isopropyl Alcohol. 


C.H, 

CH, _ 

H “ 

OH CH. 

Ethyl Methyl Caibinol, or 
Isobutyl Alcohol. 


In alcohols of this class the carbon atom carrying the OH group 
has but one additional hydrogen atom ; they contain the group 
> CH.OH. They do not furnish corresponding aldehyde.s and aci^s, 
but when oxidized, they pass into ketones (p. 100) : 


CH, 

CH, 

|H 

lOH 

Dimethyl Carbinol. 


CH, CH, 

yields C CH, = >CO 
O CH, 

Acetone. 


When, finally, all three hydrogen atoms in carbinol are replaced by 
alkyls, there result the tertiary alcohols, containing the group /C.OH. 


CH, p., 

^H* = ChJ^.OH 
gH. CH./^ 


Trimethyl Carbinol. 


The tertiary Jilcohols decompose when oxidized. 


The “ Geneva names ” for the alcohols are derived from the names of the corre- 
sponding hydrocarbons, witlj. the addition of the final syllable ** ol '* : 

CH,.OH= [Methanol] ; CH,.CH,.OH = [Ethanol] : 

CH,.CH,.CH,.OH=[i-Propanoll ; CH,.CHOH.CH,= [2-Propanol]. 


The parallelism between the formuUe of the three classes of alcohols 
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and the three classes of amines (g jM), is very evident upon stud3dng 
the following general formulae : — jl • 


R.CH2.0H 
Primary Alcohols. 
R.NHj 

Primary Amine. 


Secondary Alcohols. 

f>NH 

Secondary Amine. 


R-^.OH 

R/ 

Tertiary Alcohols. 

R^N 

R/ 

Tertiary Amine. 


The behaviour of alcohols on oxidatign is of great importance in 
ascertaining whether a certain alcohol is primary, secondary, or 
tertiary in character. What has already been stated may be sum-* 
marized thus : ' 


A primary alcohol on oxidation yields an aldehyde, which passes 
into a carboxylic acid if the action be continued. This acid contains 
as many carbon atoms in its molecule as the parent alcohol. Oxidation 
changes a secondary alcohol into a ketone, having an equal number of 
carbon atoms in its molecule. A tertiary alcohol breaks down on 
oxidation into compounds having a lower carbon content. 

The basis of the classification of the next section is : 


The monohydfic alcohols and their oxidation products : 


(la) 


Primary 

Alcohols 


}(-CH,.OH) (16) 


Secondary 

Alcohols 


|(=CH.OH) 


(ic) 


Tertiary 

Alcohols 



(2) Aldehydes (3) Ketones (= CO). 

'I'C ^ 

(4) Carboxylic Acids H). 

.Four classys of oxygen derivatives must, therefore, be distinguished, 
each containing saturated and unsaturated compounds. 

Formation of Alcohols. — Summary of Reactions, — They are obtained 
from bodies containing a like number of catbon atoms : 

(1) By the saponification of acid esters. 

(2) By the reduction of polyhydric alcohols. 

(3) By the action of nitrous acid on amines. 

(4) By the reduction of their oxidation products. 

From nucleus-syntheses (p. 75) : 

(5) By the action of magnesium alkyl halide or zinc alkyls, or 
zinc and alkyl iodides, on aldehydes, acict chlorides, ketones, formic 
esters, acetic esters, chlorinated ethers and •thylenc oxide. 

(la) From Haloid Esters or Alkylogens, — It was mentioned, in 
describing the reactions o* the alkylogegs, that the latter afford 
a means of passing from the paraffins and*olefines to the alcohols 
(p. 93). As alkali hydroxide causes the separation of a halogen 
acid from the alkylogens, it is possible to exchange hydroxyl for 
the halogen, especially if this be iodine. This is most easily accom- 
plished by the action of freshly precipitated, moist silver oxide, or by 
heating with lead oxide and water : 

C,H,I + AgOH + Agl. 
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Thus, moist silver oxide behaves as a metallic hydroxide. ^ \ 

^ Even water alone causes a partial nlnsposition of the more reactive tertiary : 
alkyl iodides ; the other alky logons |[il general when heated for some time . 
with 10-15 volumes of water to loo^^tire completely conveoted into alcohols 
(A. 186, 390). 

Tertiary alkyl iodides heated to 100^ with methyl alcohol pass into alcohols 
and methyl iodide (A. 220, 158). 

(16) By the Saponification of theii[ Esters. — It is often more practical 
first to convert the halogen derivatives into acetic acid esters, by heating 
with silver or potassium acetate : 

C,H5Br+C,H80.0K=:C,H5.0.CaHa0+KBr 
' N Potassium Acetate. Ethyl Acetic Ester. 

and then to boil these with {)otassium or sodium hydroxide, to obtain 
the alcohols : ^ 

CjHa.O.CjHaO+KOH^CaHj.OH+CjiHaO.Ok. 

The second reaction is called saponification, because by means of it the soaps, 
f.s. the alkali salts of the fatty acids and glycerol are obtained from the 

glycerol esters of the fatty acids — the fats. More generally, this reaction is 
known as hydrolysis : both tei^s are, unfortunately, employed somewhat 
loosely (Tr.). 

(ic) From Ethyl Sulphuric Acid hy boiling water. 


SO,<3 h**** +H, 0=C,H,.0H +H,S04. 

Ethyl Sulphuric Acid. 

This reaction constitutes the transition from the olefines to the 
alcohols, as these esters may be easily obtained by directly combining 
the unsaturated hydrocarbons with sulphuric acid. 

Many alky lenes (like iso- and pseudo-butylene) dissolve at once fn dilute nitric 
acid, absorb water, and yield alcohols (A. 180, 245). 

(2) The redaction of polyhydric alcohols by hydriodic acid yields the iodides of 
secondary alcohols, which arc converted by methods la and ib into the alcohols 
themselves, e,g. : 


CH.OH 

CHa 

CHg 

• 

Lok'^ 

>CHI , 


1 

CHjOH 

CHg 

1 

CH, 


Glycerol. 

Isopropyl 

Iodide. 

Isopropyl Alcohol. 

• 



Or, the chlorhydrins of the polyhydric alcohols may be reduced, # 
HCio CH,OH »H ^CH,OH 


CH, 

Etbyleue. < 


CHjCl 

Ethylene 

Cblorhydiia. 


(3) Action of nitrous acid on the primary amines : 

C,H,l?H,+NO.OH-C,H^.OH+N,+H,0. 


In the case of the higher alkylamincs transpositions often occur, and instead 
of the primary alcohols, th^re result secondary alcohols (B. 16, 744). 

(4a) Primary alcohols result from the reduction of aldehydes^ acid 
chlorides, and acid anhydrides ; also, by reduction of acid esters by 
means of sodium and alcohol; acid amides yield primary amines as 
^weU as primary alcohols by this r^^ction (C. 1^04, 1. s %7 \ 1 ^ 97 )' 
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■ : CA-HC0+3H=.CH,.CH,.CH,.0H (t'urtM, A. 13S, 140 ); 

Ftopyl Aldehyde. f , 

, .CH,.COCl+4H-CH,.CH,.OH+Ha.| * 

Acetyl Chloride. J 

CH (Liww^mawn, A. 148, 249 ). 

Acetic Anhydride. 

CI^CO>o+4Na+2C5HjiOH*CH3.CHa.ONa4-3C.H„ONa* {Bouveault and 
Amyl^Acetlc Ester. f • 


Blanc, C. 1904, II. 184 ; 1905. II. 1700). , ^ 

Aldehydes are first formed in the reduction of acid chlorides and anhydndes ; 
they in turn are reduced to alcohols. As reducing agents, dilute sulphuric acid 
or acetic acid, together with sodium amalgam, sodium, iron filings, and zinc 
dust may be employed (B. 9, 1312 ; 16, 1715 ). • ^ 

The last of these reactions is that by which an alcohol can be converted into 
another containing an atom more of carbon. The alcohol is changed through 
the iodide to the cyanide, and the latter to the acid, which, by reduction of its 
chloride or its aldehyde, yields the new alcohol : « 


GH3OH h CH,CN > CH.COOH CH.COa 

CHaCH^OH ^ ’ 

(46) The reduction of ketones yields secondary alcohols {Friedel, A 
124 , 324), together with pinacones (q.v,), the di-tertiary dihydri< 
alcohols or glycols : 


CHa CHa 

CO + 2H = CHOH’; 

I I 

CHa CHa 

Acetone. Isopropyl Alcohol. 


CHa 

2CO + 2H 

I 

CHa 


CH. 


CB 


HO— C 


-c.o; 


CHa 

Pinacone. 


Nucleus-synthetic Methods of Formation. 

(5a) Acid Chlorides and Zinc Alkyls : Ketones, Zinc Alkyls and 
Alkylogens, — K very remarkable synthetic method, proposed by 
Bidlerow (186^), which led to the discovery of the tertiary alcdhols, 
consists in the action of the zinc compounds of the alkyls on the 
chlorides of the acid radicals (Z. Ch., i864,f385 ; 1865, 614). 

• * 

The reaction proceeds in three stages. At first only one molecule of zinc 
alkyl reacts, and forms an addition compound with the acid chloride, as a result 
of the breaking down of the double linkage between the carbon and oxygen ; 

• ✓CHa 

I. CHa.cf +Zn(CH3),-CHaC^O.Zn.CHa. 

^C1 ^C1 

Acetyl Chloride. 

By decomposing the reaction-product with water, acetone is formed. How- 
ever, should a second molecule of the zinc alkyl a^t upon the new compound, 
further reaction will take place on longer standing : ^ 



If water be now permitted to react, a tertiary alcohol will be formed : 



♦ Altered from German edition, according to original paper. Bull. soc. chinu , 
tJ]ai,67a(Tr.).^ - ^ 
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^ If, in the second stage, the zinc compound of another radical be employed, 
tjfie latter may be introduced, and in fcis manner we obtain tertiary sdcohols 
containing two or three different alkyl troups (A. 176 , 374, and 188 , no, 122 ; 
C. 1910. II. 120T). o 

It is remarkable that only zinc methj 1 and zinc ethyl furnish tertiary alcohols, 
whilst zinc propyl produces only those of the secondary type (B. 16 , 2284 ; 24 , 
R. 667). 

The ketones in general do not react with the zinc alkyls. On the other hand, 
there are ketones which do notxontain a CH3 group united to a CO group, such as 
diethyl ketone (CaHJjCO, dipropyl ketone (C8H7)aCO, and ethyl propyl ketone 
CaHj.CO.CjH^, which are converted by zinc and methyl or ethyl iodide into 
zinc alkyl compounds ; these, u.ndcr the influence of water, pass into tertiary 
alcohols (B. 19 , 60 ; 21 , R. 55). Unsaturated tertiary alcohols arc obtained from 
all the ketones by the action of zinc and allyl iodide (A. 196 , 113). 

(56) When zinc alkyls act upon aldehydes, only one alkyl group 
enters the molecule, and the reaction-product of the first stage yields 
a secondary alcohol when treated with water (A. 213 , 369 ; and B. 14 , 

2557) : 

CH,.CHO CH..CH.<^‘«* 

Aldehyde. Methyl Ethyl Caiiniiol. 

All aldehydes (even those with unsaturated alkyls, and also furfural) react in 
this way — but only with zinc methyl and zinc ethyl, whilst with the higher zinc 
alkyls the aldehydes undergo reduction to their corresponding alcohols (B. 17 , 
R. 318). With zinc methyl, chloral, CClj.CHO, yields trichlorisopropyl alcohol, 
CCl8.CH(OH).CH3 ; whereas with zinc ethyl it is only reduced to trichlorethyl 
alcohol (A. 223 , 162). « 

(5c) Just as tertiary alcohols are obtained from the acid radicals, so 
secondary alcohols are derived from the esters of formic acid. Zinc 
alkyls (or, better, alkyl iodides and zinc), are allowed to F3act in this 
cage, and two alkyls are introduced : 

xOZn.CH, /O.Zn.CII, /OH 

^HC -CH* >-HCCH3 

' O.C2H3 ^CH, • 

Ethyl Formic Ester. Dimethyl Carbinol. 

By using some other zinc alkyl in the second stage of the^react^’on, or by working 
with a mixture of two alkyl iodides and zinc, two different alkyls may also be 
introduced here (A. 175 , 362, 374). 

Zinc and allyl iodide (not etiiyl iodide, however) react similarly with acetic 
acid esters. Two alkyl groups are introduced and unsaturatc(^ tertiary alcohols 
formed (A. 185 , 175). 

Chlorinated ethers, e.g. ClCHa.OCHa, and zinc alkyls yield ethers of primary 
alcohols (B. 24 , R. 85 8) : 

2Cl.CHa.OCH8+ZK(CaHa)a=2CaH5.CHa.OCHa+ZnCla. 

« 

(6) Alkyl magncsiivn halides react similarly to the zinc alkyls 
with aldehydes and ketones. They are*>soluble in ether, are more 
convenient to deal with ‘and are generally more valuable. The alkyl 
magnesium halides unite with aldehydes and ketones by breaking the 
double oxygen bond, and subsequently give up the particular alcohol 
on the addition of acidified water to the addition compound. Poly- 
merized formaldehyde (trioxymethylene) gives rise to a primary 
alcohol, the other aldehydes to secondary and the ketones to tertiary 
alcohols (Grignard ) : 
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CHsCHjM^r 

•CH.CHjjMgl ^0 
CHjCHO CH3CH 

\ch,(!h, 

CH.CH-Mgl yO — ^Mgl 

(CH,),CO >{CH,),C<^ . 

XHaCH, 


->CHa 

^OH 

-^CHaCH 

\CHaCHa 
/OH 


-^(CHa)aCC 


CHaCHa 


By similar reactions formic acid esterg yield secondary alcohols, 
whilst alkyl carboxylic acid esters and carboxylic acid chlorides and 
anhydrides give rise to tertiary alcohols : , 


HCOOC^Ha 


CHaCHaMgl ^OCaH. CHaCIIaMgl ^CHaCHj 

^^HG— OMgl — OMgl 

\CHoCHa ^ '^CHaCHa 


^CHaCH 
-> HCOH 


t 

3 


CHaCn MgT i:HaCHaMKl ^CHaCH, 

CHaCOOCaH, > CH 3 C— OMgi >CHaC-OMgl 

\CH2CH3 ^CHaCHa 


^^CldjCH 

-^CHaCOH 

\.CHaCH 


8 


8 


In many reactions the tertiarj^ alcohols whi<;h are first formed 
lose water and so become converted into unsaturated hydrocarbons, 
which may thus constitute tlie secondary or even the main product 
of the reaction (C. 1901, I. 725 ; 11 . 622 ; 1902, I. 414). 

Primary ^ilcohols are also obtained by warming the addition- 
products of ethylene oxide with the alkyl magnesium halides (C. 
1903, II. 105 ; 1907, I. 1102) : 

CHa\ ’ /Br CH,— *OMgBr CHf— OH 

T >O.Mg<" ^ I ^ I 

CHa^ ^CaHa CHa— CaH* . CHa— CaH. 

• 

(7) The action of sodium or barium alcoholates on alcohols of the 
same name — especially among those of high molecular weight — Pleads 
to the formation of monoiiydric alcohols possessing two or three times 
the carbon content in the molecule (B. 34 , 3246 ; C. 1902, I. 743). 
For instance : amyl alcohol gives rise to a decyl alcohol of the con- 
stitution isopropyl isoamyl ethyl alcohol. 

(CH,)a.CH.CH.CHaOH 157). 

(CHa),.CH.CHaXHa 

In addition to the above universal methods, alcohols are formed by 
various other reactions. Their formation in the alcoholic fermenta- 
tion of sugars in the presence of ferments is of great practical import- 
ance. Appreciable quantities of methyl alcoh& are produced in the 
dry distillation of wood. , Many alcohols, too, exist in combination 
as already formed natural products in compounds, chiefly as compound 
esters of organic acids. 
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J CoBvenlon of Primary Into Seeond^fy and Tertiary Aleohob.<^By the elimiiia- 
^tion of water the primary alcohols ipecome unaaturated hydrocarbons 
(p. 82). The latter, treated with co] ^entrated HI, yield iodides of secondary 
alcoholic radicals, as iodine does not i 'itach itself to &e terminal but to the less 
hydrogenized carbon atom (p. 8^). S^:ondary alcohols result when these iodides 
are acted on with silver oxide. The Successive conversion is illustrated in the 
following formulae : 


CH, 

1 

CH, 

CH, 

CH, 

1 

CH2 

1 

--^CH - 
II 

CH* 

Propylene. 

1 

>CHI — 

1 

j 

►CH.OH 

1 

L- 

Propyl 

Alcohol. 

1 

CH, 

Isopropyl 

Iodide. 

1 

CH, 

Isopropyl 

Alcohol. 


In a similar manner primary alcohols in which the group CH2.OH is joined to 
secondary radical, pai^s into tertiary alcohols : 

^^J|>CH.CH,.OH ^g|>C=CH, chI>C(OH).CH, 

Isobutyl Alcohol. Isobutylene. Tertiary Butyl Tertiary Butyl 

Iodide. Alcohol. 

The change is better effected by the aid of sulphuric acid. The sulphuric 
esters (p. 84), arising from the alkylenes, CAH2n> have the sulphuric acid residue 
linked to the carbon atom with the least number of attached hydrogen atoms. 

Physical Properties. — In physical properties alcohols exhibit a 
gradation corresponding with their increase in molecular weight like 
other bodies belonging to homologous senes. The lower alcohols 
are mobile liquids, dissolving readily in water, and possessing the 
characteristic alcoholic odour and burning taste. As their carbon 
content increases, their solubility in water grows rapidly less. The 
normal alcohols, containing from one to sixteen carbon atoms, are 
fluid at the orinary temperature, whilst the higher members are 
crystalline solids, without odour or taste, resembling the fats. Their 
boiling points increase gradually (with similar structure; in proportion 
to the increase of their molecular weights, the rise being about 20® 
for a difference of CH2. The primary alcohols boil higher than the 
isomeric secondary, and the latter higher than* the tertiary alcohols. 
Here we observe again that the boiling points are lowered by an 
accumulation of methyl groups (see p. 50). 

The boiling points can be calculated with approximate accuracy 
from the alkyl residues present (6. 20, 1948). The higher members 
are only volatile without decomposition under diminished pressure. 

Chemical PropertieB pad Beactions. — ^The alcohols are neutral 
compounds. In many respects the first members of the series resemble 
water, and enter into combination with many salts, in which they 
behave as alcohol of crystallization (p. izo^^. 

Some of the more iiTijiortant reactions are — 

(1) The hydroxyl hydrogen is easily replaced by sodium, potassium, , 
and other metals, yielchng thereby the alcoholaies or alkoxides (p. iz6). . 

(2) In their interaction with strong acids water separates and com 
pound ethers or esters are produced. Thi^ reaction, in which the ; 
alcohols figure as the base, is analogous to that taking place in the 
formation of a salt from a basic hydroxide and an add (p. iz6). 
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(3) The haldi esters of the alcohoid are produced when the alcohols 
are heated together with*the halo»n acids. These esters are the 
mono-ludogen derivatives of the para^s (p. 93). A more convenient 
method for their formation consists Jn heating the alcohols with the 
phosphorus halides (p. 93). 

Nascent hydrogen, acting on these esters, affords a means of 
reconverting the sdcohols into their corresponding hydrocarbons 

(p- 93). 

(4) The primary saturated alcohols, on being passed over finely 
divided metals (Cu, Ni, Zn, Al) heated te redness, are decomposed 
into aldehydes. Similarly, secondary alcohols give r;se to ketones, 
and tertiary alcohols to olefines (C. 1903, I. 1^2 ; J. pr. Ch. [2] 
67 , 420). 

(5) Energetic, dehydrating agents convert the* alcohols, especially 
those ot the tertiary class, into olefines (p. 82^. 

/ Reactions distinguishing Primary, Secondary, and Tertiary 
Alcohols. — (i) In the preliminary description of the alcohols it was 
clearly shown that primary alcohols, upon oxidation, yield aldehydes 
and carboxylic acids ; that the secondai*}^ alcohols form ketones with 
like carbon-content (p. 102), and that the tertiary alcohols break 
down. 


(2) If the alcohols be converted by phosphorus iodide (p. 93) into their 
iodides, and the latter arc changed by silver nitrite to nitroalkyls (p. 141), these 
will show characteristic colour reactions, according as they contain a primary, 
secondary, or tertiary alcohol radical. 

(3) Acetic esters arc formed when the primary and secondary alcohols are 
heated with acetic acid to 155® C. The teitiary alcohols, under similar treatment, 
lose water and ^orm alkylenes (A. 190 , 343 ; 197 , 193 ; 220 , 165) 

(4) When the primary alcohols are heated with soda-lime they yield their 
corresponding acids : 

R.CH,.OH +NaOH =R.CO.ONa +2Ha. 

(5*) PC1( reac& with the primary alcohols to form mainly esters of the type 
RO.PCla^ with secondary alcohols it produces unsaturated hydrocarbons, and 
with tertiary alcohols the corresponding alkyl chloudes (C. 1897, II. 334). 

(6) Primary and secondary alcohols yield the corresponding acetic acid esters 
with acetyl chloride CH3COCI ; the tertiary alcohols, on the contrary, give rise 
to tertiary alkyl halides (C. 1906, II. 747). 


A. SATURATED ALCOHOLS, PARAFFIN ALCOHOLS, CnHtn+iOH 

The most important members of this series, and of the monohydric 
alcohols in particular, are methyl alcohol or wood spirit, CHs.OH, and 
ethyl alcohol or spirits of wine : CH3.CH2.OH. 

I. Methyl Alcohol, Wood Spirit, Carhinol \MethanoT\, CH3.OH, 
b.p.yeo 66-67°, D20=079^» differs from all other primary alcohols in 
that it contains the CH2OH group in union with hydrogen. Hence its 
oxidation is not restricted to the corresponding monobasic carboxylic 
acid, but may extend to carbonic acid : 
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It is formed in large amountswn the dry, distillation of wood. Hie 
'name methyl is derived from fiiOJ (wine), and vX. 7 j (wood). 

Physical Properties, — Methyl alcohol is a mobile liquid with 
spirituous odour and burning t^ste. It mixes with water, alcohol, 
and ether. 

History. — Boyle discovered wood spirit in i66i among the products of the 
dry distillation of wood. In 1812 Taylor recognized Jt as being similar to spirits 
of wine, but considered it an entirely different body. Dumas and PHigot (1831) 
(A. 15 , i) made the first study of it. 

Methyl alcohol is also produced in the dry distillation of molasses. 
It occurs in nature as methyl salicylic ester, winter- 

green oil, derived from Gaultheria procumhens ; as the methyl ester of 
anthranilic acid in ncroli oil, in many alkaloids and other compounds. 

The full synthesis of methyl alcohol proceeds from carbon disulphide 
through methane and mctliyl chloride, by the action of aqueous 
potassium hydroxide on the latter at 100° (Berthclot, 1858, A. chim. 
phys. [3] 52 , loi) : 

KOII 

eSa CTl4 CllgCl -> CHa.OH. 

The aqueous product obtained in the disl illation of wood at 500® in iron 
retorts contains methyl alcohol, acetone, acetic acid, methyl acetic ester, and 
other compounds. It is distilled over <iuick-Iiine or soda, whereby the acetic 
acid is held back in the form of a salt. Further purification is effected by means 
of anhydrous calcium chloride, which combines with the alcohol to a crystalline 
compound. This is removed, freed from acetone by filtration and drying, atid 
afterwards decomposi'd by distilling with water. Pure aqueous methyl alcohol 
passes over, which is then dchydratccl with lime or anhydrous potassium carbonate. 
To procure it perfectly pure it is necessary to decompose oxalicf methyl ester, a 
readily crystal lizablc substance, the high-boiling methyl benzoate, or methyl 
formic ester, with potassium hydroxide. 

To detect ethyl alcohol in methyl alcohol, the liquid is heated with concentrated 
sulphuric acid, when ethylene is formed from the ethyl alcohcl, whilst mGthyl 
ether results from the methyl alcohol. The amount of methyl alcohol .m wood 
spirit is determined, quantitatively, by converting it into methyl iodide, CHjI, 
through the agency of PI 3 (£k 9 , IQ2S) ; the quantity of acetone is estimated 
by the iodoform reaction (B. 13 , 1000). * 

Uses. — Wood spirit is employed as a source of heat, and as a 
denaturizing agent for ethyl alcohol. It is also jiscd in making 
varnishes, dimethyl aniline, and for the methylation of many carbon 
derivatives, particularly the dye-stuffs. It is a good solvent for many 
compounds of carbon. 

Chemical Properties.-— Methyl alcohol combines directly with 
CaCl2, to form CaCl2.4Cil40, crystallizing in brilliant six-sided plates ; 
homologous alcohols gi ve similar compounds (C. 1906, II. 1715). Barium 
oxide dissolves in m^tljyl alcohol, foirming the crystalline body 
Ba0.2CH40, The alcohol in this salt behaves as alcohol of crystallization. 

(z) Potassium and sodium dissolve in the anhydrous alcohol, to 
form methylates, e.g. GHaOK and CHaONa. 

(3) Oxidizing agents, e.g. air in presence of platinum black or 
copper oxide, change methyl alcohol to formaldehyde, formic acid, 
and carbon dioxide. 

(4) Chlorine and bromine do not act so readily on methyl as 
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on ethyl alcohol. Chlorine attacks s ^ueous methyl alcohol, however, 
quite easily (B. 28» R. 771). Did loromethyl ether, (C1CH2)20, is^ 
first produced jvhich water conver1|| into formaldehyde and hydro- 
chloric acid (B. 26, 268). 

(5) When methyl alcohol is heateb with soda-lime, sodium formate 
results with evolution of hydrogen : 

CH,.OH+NaOH=K:HO.ONa^2H,. 

(6) When the alcohol is distilled over zinc dust, it breaks down into 
carbon monoxide and water. 

2. Ethyl Alcohol, [£/Aawo/],CH3CH20H,m.p. -112 ’ 

(B. 33,638) b.p.700 78*3°, Do=o*8o6, Dap ,0789.-^-In 'consequence of 
its formation in the spirituous fermentation of saccharine plant juices, 
alcohol, in impure state, was known to the ancients. It was, however, 
only at the end of the eighteenth century that the knowledge of how 
it might be obtained in, an anhydrous condition was first acquired. 
In 1808 Saussure determined! ts constitution. 

Occurrence. — Ethyl alcohol seldom occurs in the vegetable kingdom. It is 
found, together with ethyl butyrate, in the unripe seeds of Heracleum giganteum 
and Heracleum spondylium. It is also present in the urine of diabetic patients. 
It appears in that of healthy men after excessive consumption of alcoholic 
beverages. 

Formation. — It may be obtained by the general methods previously 
described for primary alcohols : (i) From ethyl chloride ; (2) from 
ethyl sulphate ; (3) from tthylene chlorhydrin ; (4) from ethylamine ; 
(5) from aldehyde ; and (6) from acetyl chloride or acetic esters. The 
synthesis of ethyl alcohol is, therefore, possible in two ways. The 
first three methods show that it is genetically connected with acetylene, 
ethylene, andfethane, whilst the last three methods indicate its relation to 
acetylene just as acetic acid and its nitrile are genetically connected 
with methyl alcohol. These relations are made clear in tlie follovpng 
diagram : — * 
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' Starting with acetylene, the mos 4 direct course to ethyl alcohol would be . 
through acetaldehyde. Water convei :s it into the latter (p. 87)/ and nascent 
hydrogen then reduces the aldehyde to dcohol. 

If the acetylene be changed to ethyi^nc, then various possibilities arise for tbd 
formation of ethyl alcohol: (1) Ethyfpne and hydrogen unite to form ethane, 
which chlorine changes to ethyl chloride, yielding alcohol when heated with water. 

(2) At 160® ethylene unites with sulphuric acid, forming ethyl sulphuric acid, 
which boiling water changes to ethyl alcohol and sulphuric acid. In this manner 
Berthelot first carried out the synthcUs of ethyl acohol (C. 1899, I. 1018). 

(3) Ethylene and hypochlorous acid yield ethylene chlorhydrin or mono- 
chlorethyl alcoliol which may be reduced to ethyl alcohol. 

A nucleus-synthesis of ethyl alcohol from methyl alcohol is possible through 
acetaldehyde. Methyl alcohol can be synthesized from carbon disulphide 
•(p. no). Phosphorus iodide converts the methyl alcohol into methyl iodide, 
and this, by action of potassium cyanide, is changed into methyl cyanide. Boiling 
alkali transforms the latter into an alk^i acetate, which phosphorus oxychloride 
converts into acetyl chlqride. The latter, by reduction, yields ethyl alcohol, with 
acetaldehyde as an intermediate product. Acetaldehyde may^ also be prepared 
from calcium acetate by heatihg it with calcium formate. 


Preparation. — Ethyl alcohol is prepared on a technical scale almost 
exclusively by what is termed the “ alcoholic fermentation " of 
saccharine liquids. 


Schwaan, in 1836, and independently Cagniard Latour, found that alcoholic 
fermentation was brought about by yeast cells. This discovery, as opposed to 
Liebig* s mechanical fermentation theory (A. 29 , 100 ; 30 , 250, 363), only found 
general acceptance from 1857 onwards, through Pasteur* s investigations (A. chim. 
phys. [3] 58 , 323). In 1897 Buchner showed that the expressed liquid from 
mechanically broken up yeast cells could also bring about alcoholic fermentation. 
It is not yet settled whether the capacity for causing fermentation is due to the 
presence of an enzyme-like body, zymase (enzyme theory), or whether it results 
from the action of living protoplasm (plasma hypothesis (B. 32 , 2086, 2372 ; 
33 , 971, 2764* with bibliography ; C. 1900, I. 1033 ; 1091, II. 700), 

By spirituous ** or ** alcoholic *' fermentation is understood the breaking 
down of certain kinds of sugar into alcohol and carbon dioxide by yeast, an 
organized Icrment, which consists of microscopic cells, about 0*01 mm. in diameter, 
and Is known as saccharomyces cerevisiae seu vini. v • 


• 

Conditions of Alcoholic Fermentation. — ^The yeast germs increase by 
budding in dilute, warm (5-30°) sugar solutions: the growth is most.^ 
rapid at 20-30° C. Its development requires salts, especially phos- 
phates, and albuminous substances, as well as oxygen at the commence- 
ment (B. 29 , 1983), but the fermentation proceeds afterwards without 
access of air. When the quantity of alcohol in a fermenting liquid 
reaches a certain amount, the fermentation ceases, since the yeast 
germs cannot grow in liquids containing 14 per cent, of alcohol. They 
are also destroyed by a tentperature of 60°. and by small quantities of 
phenol, salicylic acid, mercuric chloride, and other disinfectants. 

The sugars occurring in ripening fruits — grapes, apples, cherries — 
and in cane and beet, as well as in manf other plants, belong to the 
class of carbohydrates, ^hich contain carbon, together with hydrogen 
and oxygen in the same projwrtion in which they are present in water. 
The carbohydrates wilLbe discussed immediately after the hexahydne 
alcohols: CeHg(OH)e — mannitol, dulcitol, sorbitol, etc., of which the 
first oxidation products are the simple carbohydrates, CgHigOe* 
However, so much relating to the carbohydrates will be given at this 
time as appears necessary to und^tand alcoholic fermei)t$^tion. 
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The carbohydrates may be arran^d in three principal classes : 

1. Glucoses or Monoses, CflHi20e 1 dextrose, faevulose, etc. 

2. Saccharobioses, Ci2H220ii : miltosc, sucrose, lactose, etc. 

3. Polysaccharides {C0H10O5), : sjjarch, dextrin, etc. 

The carbohydrates of the second ind third classes bear the relation 
of anhydrides to the sugars of the first group. 

The simple sugars of the formi^la C0H12O6 are capable of direct 
alcoholic fermentation. This is particularly true of dextrose and 
ItBvulose, as well as of maltose among the saccharobioses. Technically, 
it is of the greatest importance that those iaccharobioses and the poly- 
saccharides which are not directly fermentable, can be converted by • 
absorption of the elements of water into directly fermentable sugars. 

Unorganized Ferments or Enzymes . — ^The breaking-down of saccharo- 
bioses and polysaccharides by absorption of water (Hydrolysis) is induced 
by enzymes — ^albuminoid-like compounds, of Which the most important 
of this class are invertin aYid diastase. 

Invertin is produced in the yeast germ. It is soluble in water and 
has acquired its name from the fact that it is capable of convert- 
ing sucrose into equimolecular quantitie’s of dextrose and laevulose, 
known as invert sugar. At the same time the rotatory power of the 
liquid is reversed — ^it is inverted. Sucrose and dextrose are dextro- 
rotatory, whereas laevulose deviates the plane of polarized light more 
strongly towards the left than an equivalent quantity of dextrose 
turns it to the right. Consequent^, inversion .changes a dextro- 
rotatory sucrose solution into a laevo-rotatory solution of invert 


sugar : 


Sucrose, 

dextro-rotatory. 


H.O 

l&vertin 


- CflHjgO, — Dextrose, dextro-rotatory 
-CgHjgOa — ^Laevulose, laevo-rotary 


Invert 

Sugar, 

laevo- 

rotatory. 


Diastase is ^mother unorganized ferment, produced in the germina- 
tion*of barley and other grains. The germination of the so-called green 
malt is stopped by killing the germ by rapid drying. The maU is 
.then subjected to kili;i-dr5dng at a tempei^ature which will not in- 
fluence the activity of the diastase which, at 50° to 60®, can hydrolyze 
the starch. Two-thirds of the latter are changed to maltose, which 
can be directly fermented by yeast, whilst one-third is converted 
into dextrin, which is changed much more slowly by the diastase into 
dextrose. 

Maltose, like sucrose, belongs to the saccharobioses. It takes up 
the elements of water and is resolved into dextrose. Lactose, also a 
saccharobiose, in the same way passes into a mixture of equimolecular 
quantities of galactose and dextrose. A revievi of these hydrolytic 
relations is shown in the diagf^m (p. 114). 

Tlie hydrolysis of the saccharobioses ana 6f starch may also be 
brought about by warm, dilute sulphuric acid, whereby, for instance, 
starch is converted into dextrose and dextrin. In technical operations 
the preparation of saccharine juices from starchy compounds for the 
purpose of fermentation is carried out almost exclusively by the 
^astase of malt. 

TQLt It 
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Carbo^ydxatbs. 


Glucoses, Monoses 

CsHj.O.. 


Dextrose 

Dextrose 


Dextrose 


Laevulose 


Dextrose 


Galactose 


Dextrose 


SACqiAEOBZOSES 


-MaHose 


-Sucrose 


-Lactose 


Polysaccharides 

(CsHfoOs) X. 


- Starch 


I Dextrin 


According to Pasteur, 94 to 95 per cent, of sugar changes to alcohol 
and carbon dioxide according to the equation : 

CeH„0»=2C,H,0+2C0,. 

Fusel oil, some glycerol (2-5 per cent.) and succinic acid (o*6 per cent.) 
are formed simultaneously, although the latter two substances appear 
generally towards the end of the fermentation (B. 27 , R. 671). The 
fusel oil contains n-propyl alcohol, isopropyl alcohol, isobutyl alcohol 
(CH,),CH.CH,OH, and especially amyl alcohol of fermentation — ^ mix- 

true of isobutyl carbinol, Q][J*>CH.CHa.CH,OH, and optically active 

methyl ethyl carbin carbinol, (p. 120). 


h^ot only the varieties of Saccharomyces, but also other budding fungi, e.g. 
Mucor muerdo, induce alcoholic fermentation. The various secondary fermen- 
tations occasioned by Schizomycetes are remarkable. It appears that the fusel 
oil (butyl and amyl alcohols) is produced by them in ordinary yeast fermentations. 
Later views and experiments *iead to the view that fu§el oil, as well as succinic 
acid, is not derived from the carbohydrates, but from the prol^ins (or their deconf-* 
position products — aminocaproic acid, aminovalcric acid, aminoglutaric acid), 
which arise partly from the material containing the sugar, and partly hrom 
the added yeast (C. 1905, II. 156 ; B. 39 , 3201). Alcoholic fermentation occurs 
without the agency of organisms in undamaged ripe fruits (grapes and cherries), 
when these are exposed foi; a period in an atmosphere of carbon dioxide. 

Alcoholic Beverages . — The materials used in the preparation of alcoholic liquids 
by means of fermentation are : 

1 . Saccharine plant juices. ^ 

2. Starch-containing substances, seeds of grain and potatoes. The fermented 

liquids are directly con»imed (wine, beer) or they are first distilled in order to 
produce the various kinds of spirits, the alcohol content of which may exceed 
50 per cent. : ^ 

(i) By the fermentation of saccharine juices we obtain : 


(a) without subsequent distillation : 
From grapes ; win^. 
t> apples : cider. 

. , currants ; currant wine, 

etc. 


(h) with subsequent distillation : 

From wine : cognac. 

,, mola.sses : rum. 

„ cherries : *' kirschwasser " 

‘ (Baden). 

prunes : sliwowits (Bohe- 
mia), etc. 
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(2) By the fermentation of 
the starch into sugar with malt : 


staxch-cSontaining substances, after converting 


(0) without subsequent distillation : 
Barley: Ifeer. 

Wheat : weissbier (Berlin). 
Rice : sak^ (Japan). 


I 


(d) with subsequent distillation : 

Barley and rye, wheat or oats, and 
maize: com whisky of various 
kinds. 

Rice : arrac (East India). 

Pots^toes : potato spirit. 


Manufacture of Potato Spirit ,* — Pure ethyl alcohol is obtained from potato 
spirit. The potatoes are first heated with steam to 1 40-1 50® C. under a pressure 
of from 2 to 3 atmospheres. The lower part the apparatus is then opened and 
the potato mash pressed out and digested at 57-60" in a mashing apparatus with 
finely divided malt mixed with water. In this manner«the slarch of the potato^ 
is converted into sugar. When the mash has^cooled to the proper temperature 
it is run into the fermentation-tubs, where it comes into contact with “ pure cul- 
ture " of yea.st, and is then fermented. Crude spirit results from the distillation 
of the fermentea mash ; what remains is knowu as vinasse. 

Manufacture of Pure Absolute Alcohol , — ^To purify the crude spirit further it 
is fractionated on a large scale in the column apparatus of Savalle, Pistorius, 
Ifges.-f The first portions, more readily volatile, contain aldehyde, acetal, and 
other substances. A purer spirit (containing 95-96 per cent, of alcohol) follows, 
and in commerce is known as spirit. Fmallytcome the tailings, in which arc the 
fusel oils. To remove the latter, the spirit is diluted with water and passed through 
previously ignited wood-charcoal, which retains the fusel oils, and the filtrate is 
then distilled. 

To prepare anhydrous alcohol, the rectified spirit (90-95 per cent, alcohol) is 
distilled with anhydrous potassium carbonate, anhydrous copper sulphate, 
quick-lime (A. 160 , 249), or barium oxide. Commercial ** absolute " alcohol 
(about 99 per cent.) can be freed from its last traces oS aldehyde and water, by 
treatment with alk^i and silver oxide, and subsequent distillation over metallic 
calcium (B. 38 , 3612). 

Detection of Water in Alcohol . — Absolute alcohol dissolves barium oxide, 
assuming a yellow colour at the same time, and does not restore the blue colour 
to anhydrou^\;opper sulphate. It is soluble without turbidity in a little benzene ; 
when more than three per cent, of water is present, cloudiness ensues. On adding 
anhydrous or absolute alcohol to a mixture of very little anthraquinone and some 
sodium amalgam it becomes dark green in colour, but in the presence of tr4ices of 
water a red colbration appears (B. 10 , 927). Aqueous alcohol generates acetylene 
from calcium carbide, whilst the anhydrous spirit has no action in the cold (C. 
1898, I. 658, 1225). 

Detection of Alcohol . of alcohol in solutions are detected and deter- 
mined either by oxidation to aldehyde (q.v.) or by converting it by means of 
dilute potassium hydroxide and iodine into iodoform (B. 13 , 1002). 

Its conversion into ethyl benzoate, by shaking with benzoyl chloride and 
sodium hydroxide ]B. 19 , 3218 ; 21 , 2744) also answers for this purpose. 


Properties . — ^Absolutely pure alcohol is a mobile, colourless liquid 
with an agreeable ethereal odour. At the temperature of liquid 
air it is a thick liquid, and it sohdifies to a varnish-like mass. It 
bums with a non-luminous flame and absorbs water energetically 
from the air. When mixed with water a coniraction occurs, accom- 
panied by rise of tempeftiture ; the maximum is reached when 
one molecule of alcohol is mixed with thr^e molecules of water, 
corresponding with the formula C2HeO +3H2O. The amount of alcohol 
in aqueous solutions is given either in per c^nt. by weight (degrees 
according to Richter) or per cent, by volume (degrees according to 
Tralles). It may be determined by an alcoholometer, the scale of 

* Perd. Fischer: Hdb. d. chem. Technologie, 14. Aufl., 1893, S. 948. 
t Ibid ., X5. Aufl., Z902, 2 Bd. p. 353. « 
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which gives directly the per cent, by weight or volume for a definite 
temperature (15® C.). Or the vapour tension is ascertained by 
means of the vapourimeier of Geis^ler, or the boiling point is deter- 
mined with the ebidlioscope. 

The alcohol contained in spiritrf )us beverages is first distilled off 
and then estimated in the distillate. * 

Alcohol dissolves many mineral oalts, the alkalies, hydrocarbons, 
resins, fatty acids, and almost all the carbon derivatives. The majority 
of gases are more readily soluble in it than in water ; 100 volumes of 
alcohol dissolve 7 volumes of liydrogen, 25 volumes of oxygen, and 16 
volumes of nitrogen. , 

Ethyl alcohol forms crysllalline compounds with some salts, e.g. 
calcium chloride and magnesium chloride, in which it behaves analo- 
gously to water of crystallization. 

Reactions , — Potassium and sodium dissolve in it, yielding the alco- 
holates. With sulphuric acid it yields ethyl sulphuric acid, and with 
sulphuric anhydride, carbyl sulpliale (p. 83). Phosphorus bromide and 
iodide change it into ethyl bromide and ethyl iodide. Being a primary 
alcohol, such oxidants as manganese peroxide and sulphuric acid, 
chromic acid, platinum black and air, convert it to acetaldehyde and 
acetic acid (p. 102). Chlorine and bromine oxidize alcohol to acetalde- 
hyde, which unites with more alcohol to form acetal. Chloral- and 
bromal-alcoholates are derived from acetal. Bleaching powder changes 
alcohol to chloroforni, and iodine and potassium hydroxide convert 
it into iodoform. Nitric acid, free from nitrous acid, changes alcohol 
into ethyl nitrate (q.v.). Under certain conditions alcohol can be so 
oxidized by nitric acid that, besides attacking the CH2.OH group, 
the methyl group may be changed with the resulting formation of 
glyoxal, glycollic acid, glyoxalic acid, and oxalic acid : 

^ 

CH,.OH CHO COaH COaH ^ COjH 

I ->l I ^1 

CH, CHO . CH2OH CHO COjH 

" I 

Ethyl Ah'ohol. Glyoxal. Glycollic Acid. Glyoxalic Acid.* Oxalic Acid. 

Mercury fulminate (q.v.) is produced when alcohol acts on mercury and 
an excess of nitric acid. Boiling with mercuric oxide and sodium hydroxide 
gives rise to a basic, explosive body, CaHg«04H2, called merca.-bide (B. 33 , 1328). 

If alcohol be passed through a red-hot tube, decomposition will be found to 
begin at 800®, and at 802-830®, about { of it splits up into ethylene and water, 
and i into aldehyde and hydrogen, whilst J of the aldehyde further breaks down 
into methane and carbon mono?dde (B. 34 , 3579). These decomposition products 
appear at lower teraperatui^jfs by passing alcohol vapour over finely divided 
metals or aluminium oxide (C. 1903, I. 955 • 335 )- 

Alcokolates . — Sodium ethoxide is the most important alcoholate, as it is 
employed in a scries of nucleus7synthetic reactioiCs. It affords a means of splitting 
off water and alcohol. It 'may be prepared by dissolving sodium in alcohol, 
then heating it to 200® C. in an atmosphere of hydrogen to free it from alcohol, when 
it forms a white, voluminous powder (A. 202 , 294 ; B. 22 , 1010). Or, a calculated 
quantity of metallic sodium is added to a solution of alcohol in ether, toluene, 


• Post : Chemisch-technische Analyse, Braunschweig, i88r ; Bbckmann, 
Chem.-tech. Untersuchungsmethoden, Berlin, 1888 ; K'onig : Chemie der mensch- 
lichen Nahrungs und Genussmittel ; Eisner : Die Praxis des Chemikers bei Unter- 
guchung von Nahrungsmitteln, etc., 1893. 
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or xylene, and the whole is heated un(!er a reflux condenser until the sodium^ 
has entirely disappeared (B. 24 , 649 ; 87 , 2067). An excess of water changes 
the alcoholates to alcohol and sodium hydroxide ; with a small amount of water 
the reaction i9 incomplete. The alcoholatcs also result on dissolving KOH 
and NaOH in strong alcohol. Sodiunr. peroxide converts alcohol into sodium 
alcoholate and sodium hydrodioxide. *aO.OH (B. 27 , 2299). 

Calcium Ethoxide, Ca(OC2Hs)2, is fomed by the solution of metallic calcium 
in alcohol, or by the decomposition of£alcium carbide by absolute alcohol with 
the aid of heat (B. 28 , R. 61 ; 38 , 3614): • 

Aluminium Ethoxide, A^OCaHg),. m.p. 134° ; b.p. 14 205® ; Aluminium Propylale 
Al(OC, 117)8, m.p. 106®, b.p.i4 248°. are remarkable in that they are volatile without 
decomposition under much reduced pressure. A iuminium M ethoxide is decomposed 
by heat under reduced pressure. These compounds are prepared by the action 
of the respective alcohols on amalgamated aluminiui^ (C. I900, I. 10, 585). • 

Substituted Ethyl Alcohols : 


1. GHjClCHaOp 

2. CHClj.CHaOH 

3. CClj.CH.OH 

4. CHaN0,.CH80H 

5. CHa.NH8.CH80H 

6. CHs-CHINHaJOH 


Glycol Chlorhydnn (Bromhydriiy lodohytlrin). 
Dichlorethyl Alcohol, b.p. ^46® (B. 20 , R. 363). 
Triqhlorethyl Alcohol, m.p. 18® ; b.p. 151® (A. 210 , 63). 
Nitroethyl Alcohol. 


The compounds i, 4, and 5 will be discussed together with ethylene glycol, 
and 6 with acetaldehyde. Di- and trichlorethyl alcohols have been prepared 
by the interaction of zinc ethyl and di- and trichloracetaldehyde (p. io(j), whilst 
trichlorethyl alcohol is formed from urochloralic acid (^.v.). The connection 
between the chlorinated ethyl alcohols and their oxygen compounds, whose 
chlorides they may be assumed to be, is seen in the following tabulation : — 


Monochlorethyl Alcohol, CHaCl.CHgOH, corresponds ‘with CH2.OH.CH1OH — 
Glycol. 

Dichlorethyl Alcohol, CHCI2.CH2OH, corresponds with CHO.CH2OH — Glycolyl 
Aldehyde. 

Trichloreth^i Alcohol, CCl,.CHaOH, corresponds with COOH.CHjOH — Glycollic 
Acid. 


3. Propyl Alcohols [Propanols], C3H7.OPL — As explained ui the 
introjjluction to the monohydric alcohols, two isomeric propyl alcohols 
are theoretically possible : the primary normal propyl alcohol and the 
secondary isopropyl.alcoliol. Their constitution is evident from their 
methods of formation and their reactions (p. loi). 

Normal propyl alcohol, CH3.CH2.CH2.OH, b.p. 97*4° ; D20 = 0*8044. 

Isopropyl alcohol, CH3.CH(OH).CH3, b.p. 827“ ; D20 = 07887. 

Normal Prdjpyl Alcohol occurs in fusel oil [Chancel, 1853) from 
which it is obtained by fractional distillation. It is an agreeable- 
smelling liquid, which is miscible in every proportion with water, but 
is insoluble in a saturated, cold calcium rjiloride solution, whereby it 
can be distinguished from ethyl alcohol. I^ can also be prepared from 
ethyl magnesium chloride and trioxymethylen<> (p. 106), and by reduc- 
tion of propyl aldehyde. Oxidation converts it first to propyl alde- 
hyde, and finally to propionic acid. By stl^huric acid it is converted 
into propylene, and by hydriodic acid into isopropyl iodide, Thi? 
body is used for the preparation of isopropyl alcohol (p. 108), 
which can also be obtained by the reduction of its oxidation product, 
acetone. 

Secondary or Isopropyl Alcohol, Dimethyl Carbinol, was prepared 
in 1855 by Berthdot from propylene and sulphuric acid (p, 104), 



ii8 ORGANIC CHEMISTRY 

andnn 1862 by Friedel, from acetone. Kolbe (Z. Ch., 1862, 687) 
recognized in isopropyl alcohol the first representative of the class of 
secondary alcohols predicted by him (p. loi). , 

'ide, I >0, by reduction; from 

formic ester by the aid of zinc and methyl ibdide, and fro‘m acetaldehyde by means 
of metliyl magnesium iodide (p. io6). Its formation from normal propylamine 
by the action of nitrous acid is noteworthy, and is accompanied by the simul- 
taneous production of primary pippyl alcohol and propylene. 

The most practical method of obtaining it is to boil the iodide, which is easily 
prepared from glycerol, with ten parts of water and freshly prepared lead hydroxide 
in a vessel connected with a refluk condenser, or by simply heating the iodide 
with twenty volumes of water to roo® (A. 188, 391). Oxidation changes it into 
acetone, whilst chlorine cop verts it into unsymmetric tetrachioracetone (q.v.), 

Triehlorlsopropyl Alcohol, q^>CH.OH, m.p. 49®, b.p. about 153®, is pro- 
duced by the action of zinc methyl on chloral (p. loO) (A. 210, 78). 

4. Butyl Alcohols, C4HP.OH. — According to theory four isomerides are 
possible : 2 primary, i secondary, and 1 tertiary (p. loi) : 


Name. 

1 

Fonnuia. 

M P 

B P. 

Sp. Gr. 

I. Normal Butyl Alcohol 

CH3(CHJ,CH,0H 

Liquid 

II6-8® 

0 8099 at 20® 

2. Isobutyl Alcohol . 

(CHJa.CH.CH,OH 


108*4® 

o*8o2o at 20® 

3. Secondary Butyl Alco*; 
hoi 


ft 

99"* 

0*8270 at 0® 

4. Tertiary Butyl Alcohol 

(CHJ,C*OH 

25* 

83“ 

0*7788 at 30® 


Normal Butyl Alcohol, Ti-Propyl Carhinol \i~ButanoT\, is fofmed in the 
action of sodium amalgam on normal butyl aldehyde (Method 4a, p. 104), 
^d from ethylene oxide and ethyl magnesium bromide (Method 6, p. 106). It 
is further produced by the fermentation of glycerol by a schizumyoetes together 
with trimethylene giycol CH*[OH].ClIiCHj[OH] (Fitz, B. 16, 1438 ; 29, R. 72/. 

Trlchlorobutyl Alcohol, CHa.CHCl.CClj.CHj.OH, m.p. 62®; b.p.4, 120®, fesults 
when zinc ethyl and butyl chlqral (p. loh) arc brought together, and is also 
obtained from urobutylchloralic acid (A. 213, 372). • , 

Secondary Butyl Alcohol, Methyl Ethyl Carbtnol, Butylene Hydrate^ [^-Butanol], 
is a strongly-smelling liquid. It is obtained from methyl ethyl ketone by 
reduction with sodium and water under ether (C. 1901, II. 1113) ; also 
from normal butyl alcohol by conversion into butylene — ^^th the loss of 
water, — ^the addition of hydrogen iodide, and finally the hydrolysis of the 
iodide produced (p. 108). fThe same iodide is formed on heating erythritol 
CH,0H[CH0H]4CH20H with hydriodic acid. Heated to 140-250®, it decom- 
poses into water and jS-butylcne, CHs.CH:CH.CHa. 

The genetic relations existing between the normal primary and secondary 
butyl alcohols, as well as between a-butylene and )3-butylene, arc shown in the 
following arrangement : — t 


CH.OH 

Lr 

f. 

CH, 

CH 

1 

{h. 

1 

e,H 

1 

CH, 

1 

CH, 


CH, 

CH, 

(!hi 

CHOH 

j 

CH, 

1 

CH, 

1 

CH, 

1 

CH, 


CH, 

CH 

II 

CH 

I 

CH, 


Secondary butyl alcohol is the simplest racemic alcohol (comp. p. 55). It is 
resolved into its optically active compone^s by means ^of the bq^cine s^t of its 
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add anlphiiric cater ; bat so fat the two tEatipodes have not been obtained pore 
(B. 40 . 693). ' , 

Iiobatyl Aliohol, IsopropylCarbinol, Butyl Alcohol of FetmenMioH 
\Meihyl-2-propan6-z-ol\, occurs in ifusel oils and especially in the 
spirit from ^tatoes. It is a liquidpossessing a characteristic odour. 
It may readOly be changed to isobi^ylene (CH3)2C=CH2, from which, 
by the addition of halogen acids, derivatives of tertiary butyl 
alcohol are obtained (p. 82). For the action of chlorine on isobutyl 
alcohol see B. 27 , R. 507 ; 20 , R. 922. « 

Tertiary Butyl Alcohol, Tvimethyl Carhinol, \pxmethy}-eikdnol\, was prepare^f 
by Butlerow (A. 144 , i) in 1863, from acetyl chloride and zinc methyl, and was 
the first representative of the tertiary alcohols predicted by Kolhe. 

. The oxidation of tertiary butyl alcohol produces isobutyric acid (CHf)] .CH.COal- 
« %rresponding with isobutyl alcohol. This behayiour may be explained by th< 
te^termediate formation of isobutylene (CHs)|C=CH2, the conversion of this, 
by water absorption, into isobutyl alcohol, and the oxidation of the latter (A. 189 , 
73). The isobutylene, resulting from isobutyl alcohol and tertiary butyl alcohol, 
by the withdrawal of water can, by the addition of HCIO and reduction of the 
resulting chlorhydrin, be changed to isobutyl alcohol, and by absorption of HI 
may be made to yield tertiary butyl iodide, which in turn may be trans- 
formed into tertiary alcohol (p. 108). 

The boiling points of the haloid esters of the butyl alcohols will be given with 
those of the alkyl hahdes (p. 134). 

J Amyl Alcohols, C5H11.OH. — ^Theoretically, j8 isomers are pos- 
sible : 4 primary alcohols, 3 secondary, and i tertiary, all of which 
are known. 

The following table contains the formulae and the boiling points of 
the eight aiiiyl alcohols. The name amyl alcohol is derived from 
5/Ai;Aov=starch, because the first-discovered amyl alcohol was observed 
in the fusel oil obtained from potato spirit. 


m 

Name. 

Formula. 

M.P. 

BP.,., 

• * 

X. Normal Amyl Alcohol . . 

CH,.[CH,],CH 2 oh 


137® 

2. Isobutyl Carbluol .... 

(CHJ.-CHCHj CIIjOH 


131* 

3. Active 1 -Amyl Alcohol . . . 

ch..cS:>ch.ch.oh 


128* 

4. Tertiary Butyl Carbinol . . 

(CHJ,C.CH,OH 

+49® 

112 ® 

5. Diethyl Carbinol .... 

(CH,CHJ,CIJ.OH 


II6® 

6. Methyl n-Propyl Carbinol 



1 18® 

7. Methyl Isopropyl Carbinol ? 

(CHJ..cg’>CH.OH 

• a 


II 2 ® 

8 . Dimethyl Ethyl Carbinol . • 


-IZ* 

ioa’3* 


Three of these eight alcohols contain an asymmetric carbon atom, indicated 
in the formulas by a star, hence each can have three modifications, two opticaUy 
active and one optically inactive (p* 31), which raises the possible number of amyl 
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alcohols to fourteen. On the connection between boiling point and velocity 
pf reaction, see B. 30, 2784. 

(z) Normal Amyl Alcohol is most easily prepared from normal amylamine 
which, in turn, is obtained from caproic acid. It is almost insoluble in water, 
and has an odour of fusel oil. . , 

(2) laobutyl Carbinol, {CH3)vCH.CH2.CH20H, constitutes the 
chief ingredient of the ^myl alc^ol of fermentation obtained from 
fusel oil (p. 1 14), and occurs as esters of angelic and crotonic acids 
in Roman camomile oil. It may be obtained in a pure condition by 
synthesis from isobutyl alccfhol, which it approaches in structure and 
yfith which it occurs in fusel oil : 

CH.OH CH,I CHXN CH,.CO,H CH,.CHO CH,.CH,OH 

I I I I II 

CH ^ CH CH ^ CH CH ^ CH 

A A A*' A A A 

CH,CH, CHaCH, CH,CHa CHaCHa 'CHaCHa CHaCH, 

A simpler s5mthcsis is that from isobutyl magnesium bromide and 
trioxymethylene (Method 6, p. 106) (C. 1904, II. 1599). so-called 
alcohol of fermentation, b.p. 129-132°, occurs in fusel oil and consists 
mainly of inactive isobutyl carbinol. It possesses a disagreeable 
odour. In addition, 1 -methyl ethyl car bin carbinol is present. It 
rotates the plane of polarization to the left, the activity being due to 
the presence of active amyl alcohol. 

The different solubilities and crystalline forms of the barium salts of the 
two alcohols distinguish them and assist in their separation. From the more 
sparingly soluble salt, which forms in rather large quantity, isobutyl carbinol 
may be obtained (Pasteur). A more complete separation of the alcohols is 
reached by conducting HCl into the mixture ; isobutyl carbinol Will be esteriiied 
first, the active amyi alcohol remaining unchanged (Le Bel) (A. 220, 149). A 
more suitable substance for separating the fermentation amyl alcohols by the 
esterification method is nitrophthallic acid (Vol. II.) (Markwald, B. 34, 4;r9 ; 
37, 1038). Oxidation of isobutyl carbinol gives inactive valeric acid, whilst 
1-methyl ethyl carbin carbinol yields the active form. When the crude fermenta- 
tion alcohol is distilled with zinc chloride, ordinary amylene is the product, which 
consists mainly of (CHa)2C:CH.CHs, resulting from a transposition of isobutyl 
carbinol ; it contains, besides, y-amylene and a-amylene (p. 83}. 

CH3\* 

(3) Active Amyl Alcohol, /CH.CHjOH, sec. -Butyl Carbinol, Methyl 

Ethyl Carbin Carbinol, Of the two active modifications, the laevo-rotatory form, 
not yet obtained pure, is the optically active constituent of the fermentation 
alcohol. The proportion of the optically active alcohol in fermentation amyl 
alcohol varies from 13 to 58 per cent., according to the origin of the latter (B. 36, 
1596). Its rotatory power is ta]D=— S'q®* The chloride, bromide, iodide, car- 
bamic acid ester, and methy<p ethyl acetic acid (see valeric acid) prepared from 
the laevo-carbinol, are aU ^pticaUy active and indeed dextro-rotatory, whilst the 
corresponding amine (p. 165) is laevo-rotatory (E. 28, R. 410 ; 29, 59). 

The inactive modification < of secondary butyl carbinol can be obtained by 
heating with sodium hydroxide (Le Bet), and also synthetically from secondary 
butyl magnesium bromide and triox3miethylene (p. 106; C. 1906, 1. 130). Re- 
solution by means of a mucor leaves the dextro-scc.-butyl carbinol (B. 16 , 
1506). 

(4) Tertiary Butyl Carbinol, (CH8)3.C.CH30H, is formed on reducing the 
chloride of tiimethyl acetic acid or pivalic acid (B. 24, R. 557) with sodium 
amalgam. Nitrous acid converts its amine, in consequence of a remarkable 
rearrangement of atoms, into dimethyl ethyl carbinol (B. 24 , 2x61). 
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(5) Diethyl Carblnol, (CsH5),.CHOH, il formed by the action of zinc and 
ethyl iodide upon ethyl formate. Since jS-amylene, CiHg.CHiCH.CHa, yiddft 
the' iodide of methyl n-propyl carbinol with HI, from which methyl normal 
propyl carbinol is«obtained, the diethyl carbinol can thus be converted into the 


latter alcohol : 

CH, 

CH, 

CH.j 

CH, 

CH, 

1 

CH* 

1 

CH, 

ch/ 

,CHI 

CH.OH 

1 — 

— 1 

-II 

— > 1 

'1 

CH, 

CH.OH 

CHI 

CH 

CH, 

1 

C3H3 

1 

C,H, 

C,H, 

j 

C.H. 

C,H, 



|3-l<ioamylene. 



The two methyl propyl carbinols are obtained from methyl-n-propyl ketone 
and methyl isopropyl ketone by reduction with sodium ^amalgam. 

(6) Methyl n-Propyl Carbinol, CH3.CH2.CHa.CH(OH).CH5, is resolved by 
Penicillium glaucum (Le Be}) ; the dextro-rotatory modification is destroyed, 
and the laivo-rotatory form remains. 

(7) Methyl Isopropyl Carbinol, (CIl5)a.CH.CH(OH).CH8, yields the derivatives 
of tertiary amyl alcohol, apparently with the intermediate formation of amylene, 
(CHJ,C =CHCH3, when acted on by halogen ^ids and also PCI3 : 


CH, 

CH, 

CH, 

CH, 

1 

c:h(OH) 

j 

1 

CH, 

1 

CH, 

1 

->(ii ) 

— >1 

— >\ 

CM 


CCl 

COH 

A 

A 

A 

A 

CH3CH, 

CII3CH3 

CH3CH, 

CH,CH, 


The true derivatives of methyl isopropyl carbinol are obtained from a-isoamyl- 
ene (CH3)3.CH%CH:CH2 (p. 1*^3), by the addition of halogen acids, at ordinary 
temperatures or when warmed. 

(8) Tertiary Amyl Aleohol. Dimethyl Ethyl Carbinol, Amylene 

Hydrate, is a licpiid with an odour like that of camphor. It produces sleep, the 
same aa docs chloral hydrate, and is, therefore, produced technically. 

Amyl alcohol of fermentation is employed as the parent substance, which, 
with zinc chloride, yields ordinary amylene, consisting mainly of )8-isoamylene, 

/■'Xj I 

CH8CH=C<^g* (p. 185). This is shaken at —20® with sulphuric acid diluted 

with J— I volume of water, and the solution is boiled with water (A. 190 , 345)- 
It is further formed by the action of nitrous acid on the amine of tertiary butyl 
carbinol ( 13 . 24 , 25*19), and from propionyl chloride and zinc methyl. At 200® 
it decomposes into water and / 3 -isoamylene. 


HIGHER HOMOLOGUES OF THE SATURATE!^ ALCOHOLS, C„Hj.,+i.OH 

There are many representatives of the higher homologues of the 
alcohols of this series. Fourteen of the seventeen theoretically possible 
hexyl alcohols and thirteen of the thirty-eight predicted heptyl alcohols 
have been prepared. The higher we ascend ]n the series, the larger 
the number of theoretically possible members and the smaller the 
number of those alcohols which are actually known. Only a few of 
them are noteworthy either from a point of formation, structure, or 
occurrence in the animal or vegetable kingdoms. In the following 
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table will be found the names, Wmu]«, melting points, and boiling 
'{Mints mainly of normal alcohols : — 


Name. 

! Formula. 

L 

M.P. 

B.P. 

n-Hexyl Alcohol 

Pinacolyl Alcohol . . . ' . 

Sym.-Tetramethyl Ethyl Alcohol . 

dj,.[CHJ«CH..OH 

(CHJ,C.CH(CH,^OH 

(CHJ.CH.C(CHj),OH 

-lo-s* 

*57* 

120* 

I19* 

n-Heptyl Alcohol 

Pentamethyl Ethyl Alcohol 

CHaCCHglgCHgOH 

(CH8),C.C(CH8)aOH 

+17* 

*75* 

131* 

n-Octyl Alcohol 

Cetyl Alcohol or Ethal .... 
Ceryl Alcohol or Ccrotin 

Melissyl or Myricyl Alcohol 

CH,.[CHj3.CHaOH 

CHjECHJia.CHjOH 

Css^ss-OH 

1 CaoHa^.OH 

-f49'5° 

79“ 

85“ 

199* 

340* 


n-Hexyl Alcohol occurs as acetic and butyric esters in the oil of the seed of 
Heracleum giganteum (A. 163, 193). 

Pinacolyl Alcohol has a camphor-like odour. It results from the reduction of 
pinacolin (q.v.) or tert.-butyl methyl ketone, (CH3),.C.CO.CH,. (See B. 26, 
R. 14 ; C. 1901, II. 1157 • comp. Tetramethyl Ethylene.) The isomeric sym.- 
Tetramethyl Ethyl Alcohol is prepared from acetone and isopropyl magnesium 
bromide. It decompO£.es when heated with dilute sulphuric acid into H3O and 
tetramethyl ethylene (C. 1906, II. 1718). 

n-Heptyl Alcohol has been prepared from cenanthol {q,v.) by reduction, and 
from n-heptane (A. 161, 278). Pentamethyl Ethyl Alcohol has been obtained by 
various syntheses by means of magnesium-organic compounds (C. 1906, II. 1718). 

TirOctyl Alcohol, CfHjifOH, occurs as acetic ester in the volatile <>il of Heracleum 
spondylium, as butyric ester in the oil of Pastinaca sativa, and in the oil of Hera- 
pleum giganteum (A. 185, 26). It has been obtained artificially by several methods, 
amoHgst others by the reduction of caprylic ester by sodium and alcohol (Method 
4a. p. 104). 


Cetyl Alcohol, Hezadecyl Alcohol, Ethcd, CfoH8s.OH, is a white* 
crystalline mass. It was prepared in 1818 by Chevreul froni the 
cetyl ester of palmitic acid, the chief ingredient of spermaceti (see 
palmitic acid), by saponification with alcoholic potassium hydroxide: 

^«**S°>0+KOH-C„H„.OH+Ci,H„COOK. 

Cetyl Potassium 

Alcohol. Palmitate. 

When fused with pctassium hydroxide, it pelds palmitic add 
(p. lOQi : • 

C„H„CH,9H+K0H-C„HI„C00K+2H,. 

Oeiyl Aleobol, CeroHn, C.,H,,.OH, as c^l cerotic ester, 

(B. 80, 14x8), constitutes Chinese wax. It is obtained by melting the latt» 
with potassium hydroxidt, the prolonged action of which produces cerotic 
acid. 

Melisqrl Alcohol, Myricyl Alcohol, occurs as myricyl palmitato 

in beeswax, from which it is isolated in the same manner as the preceding com* 
r^imd. Chloride, m.p. 64”; iodide, m.p. 69 '5*- Myricyl iodide and metallic 
MiJUumgive Hezacomane, CaoH,,,, or Dimyricyl (p. 76). 
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B. UNSATURATED ALCOHOLS 

I. OLEFINE ALCOHOLS, 

These are derived from the unsuturated alkylenes, CnH^, in the 
same manner as the normal alcoho/l are obtained from their hydro- 
carbons. In addition to the general character' of alcohols, they possess 
the property of the olefines to form addition compounds. 

The chief representative of the class is allyl alcohol, CH2=5 
CHCH2OH. When oxidized by potassium permanganate, the double 
linkage of the allyl alcohols is severed, and trihydric alcohols — ^glycerols'* 
—result (B. 21, 3347). 

I. Vinyl Alcohdl, Vinol^ CH,:CH.OH, separates as 4 mercury oxychloride 
compound, CjHgOsHgsCl,, from ethyl ether — a smsfll quantity of which is always 
retained — on the addition to it of an alkaline mercury monoxychloride solution 
(Poleck and Thummel, B. 22, 2863). It is produced simultaneously with hydrogen 
peroxide when ether is oxidized with atmospheric oxygen. It cannot be separated 
from its mercury derivative because all reactmns by which it should be pro- 
duced yield the isomeric acetaldehyde, CH,.CHO (p. 37). It seems to be the 
universal rule that the atomic grouping =C:CH.OH, m the act of formation, is 
transposed into=CH.CHO (Erlenmeyer, Sr,, B. 13, 309; 14, 320); however, 
there are stable compounds in which the groupings =C=CHOH and=Cs=C(OH)R 
(see Hydroxy-methylene Ketone, p. 343) are present. 

The haloid esters of vinyl alcohol are to be considered as being the mono- 
halogen substitution products of ethylene (p. 07). Vinyl ether, vinyl ethyl 
ether, vinyl sulphide, vinyl or ethylene sulphuric acids,* are known (p. 147). 
The radical vinyl is present in neurine, so important physiologically, and also in 
vegetable alkaloids {q.v.}. 


2. Allyl Alcohol [Propenol-3], C3H5.OH = CH2 : CH.CH2.OH. — 
Solidifies —50®, b.p. 96-97°, D20 =0-8540. Allyl compounds occur in 
the vegetable kingdom : allyl sulphide and diallyl trisulphide (C. 1892, 
II- 833), in oil of garlic, and allyl thiocyanate, CsH5N=C=5S,* in 
oil of mustard. It may be prepared (i) by heating allyl iodide — ^which 
is easily prepared from glycerol — ^to 100° with 20 parts water ; (2) it 
is produced, qlso, >Vhen nascent hydrogen acts on acrolein, 
CH2:CH.C0H, and (3) sodium on dichlorhydrin, CH2CI.CHCI.CH2OH 
(B. 24, 2670). (4) It is best obtained from glycerol by heating the 
latter with formic, or oxalic acid (A. 167, 222). 

In this reaction the oxalic acid at first breaks down into carbon dioxide and 
formic acid, which forms an ester with the glycerol ; this then decomposes mto 
allyl alcohol, carbon dioxide, and water: ^ 


CH,.O.CHO CH. • 

I II 

CH.OH CH +C0,4-H,0. 

I I » • 

CH,.OH CH,.OH 


Allyl alcohol is a mobile liquid with a pungent odour ; it is miscible 
with water, and bums with a bright flame. 

It 3delds acrolein and acrylic add when oxidized with silver oxide, 
and only formic add (no acetic) with chromic acid. Glycerol results 
when potassium perm^anate is the oxidant (B. 21, 335^)- Nascent 
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hydrogen attacks it with difficulty, as seems to be indicated by its 
^ formation from acrolein. Boiling with zinc and sulphuric acid (B. 7 , 
856), however, or with aluminium and potassium hydroxide solution 
(C. 1899, II* causes the formation of a small quantity of ri-propyl 
alcohol ; reduction with sodium;^ammonium yields propylene (C. 1906, 
II. 670). Chlorine acts partlyv as an oxiffizing, and partly as an 
additive reagent, giving rise to'® acrolein and dichlorhydrin (B. 24 , 
2670). When heated to 150° with potassium hydroxide, formic acid, 
n-propyl alcohol, and other products are formed. 

Allyl alcohol, when heated with mineral acids, yields propionic 
. aldehyde and methyl ethyl acrolein (B. 20, R. 699). 

Mercuric salts form compounds with it, which dissolve with difficulty (B. 83 , 
2692). 

Halogen-substituted Allyl Alcohols have been obtained from a- and ^-dichloro- 
propylene and jS-dibromopropylene. 

a-Chlorallyl Alcohol, CHa=CCl.CftaOH. b.p. 136®. 

) 3 -Cblorallyl Alcohol. CHCl=CH.CH5sOH. b.p, 153®. 

a>Bromallyl Alcohol, CH2=CBr.CHaOH, b.p. 152®. 

Sulphuric acid, acting on a-chlorallyl alcohol, produces acetone-alcohol (<7.1;.), 
and with a-bromallyl alcohol yields propargyl alcohol (see p. 125). a-Brom- 
allyl alcohol may be prepared from allyl alcohol by a series of reactions, shown in 
the following diagram : — 


CH,OH 

CH,Br 

CH,Br 

CH,Br 

1 

CHjOCOCHa 

CH,OH 

1 

CH 

->CH-^ 

j 

CHBr — 

1 

— ^►'CBr 

j 

CBr 

1 

->CBr 

II 

II 

1 

II 

II 

II 

CH, 

CH, 

CH,Br 

CH, 

CH, 

CH, ^ 


3. p-Allyl Alcohol, CH2=C(OH).CHj, is only known in the form of its ether 
(p. 129). Sodium p-allyl Alcoholate is produced by the action of, metallic sodium 
upon acetone (A. 278 , 116), diluted with anyhdrous ether. 

4. Crotonyl Aloohol, CHj.CH.-CH.CHjOH, b.p. 1 17-120®, is obtained from 
crotonaldehyde, CHa.CHiCH.CHO, by means of nascent hydrogen. 

TThe Higher Olefine Alcohols are synthetically prepared by means of tha zinc 
and magnesium organic compounds (p. 106) : (i) from olefine aldehydes and 
zinc alkyls or magnesium alkyl halides ; or (2) from aldehydes or ketones with 
zinc and allyl iodide (B. 17 , R. 316; 27 , 2434; A. 186 , 151, 175; 198 , 109; 
J. pr. Ch. [2] 30, 399 ,* C. 1901. I. 668, 997 ; II. 622 J I9<^, I. 96). (3) Many 

aldehydes and ketones, when boiled with acid chlorides, especially benzoyl chloride, 
yield the benzoic ester of the olefine alcohols, isomeric with the ketones, e.g. 
C,Hii.CH:CHO.COC,Hb from oenanthic aldehyde (p. 201 )and benzoyl chloride ; 
C,Hi(,C(;CH,)O.COC 4H9 from methyl nonyl ketone and vale.yl chloride (C. 1913, 
I. 71). (4) afi-oleftue carboxylic esters are reduced by sodium and alcohol 

to saturated alcohols (see ‘^a, p. 10^) ; on the other hand, carboxylic esters con- 
taining a remote olefine group, as in the case of allyl acetic acid, oleic acid, 
undecylic acid ester, etc., yiel(i the corresponding olefine alcohols when similarly 
reduced (C. 1905, I. 25 ; 11 . 1700). 

2. 4.Pentenol, CH3.CH=CH.CH(OH)CHs. 

Dimethyl Allyl Carb^nol, CH,=CH.CH,C(CHa)*OH, b.p. 119-5®. Diethyl 
Allyl Carbinol, b.p. 156®. Methyl Propyl AllyrCarhinol, b.p. 159-160®. 

1. 1 i-Undecylenol CH,:aHtCH J.CH.OH, b.p.^j 133® and Oleic Alcohol CxgH.jO, 
b.p.,, 207®, are obtained from undecylenic ester and oleic ester by reduction. 

UNSATUkATED ALCOHOLS. CnH»-8.0H 

To this class belong : 

Alcohols containing a pair of trebly linked carbon atoms, and alcohols which 
contain two pairs of doubly linked carbon atoms. Propargyl alcohol is the only 
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well-known member of the acetylene series, whereas various alcohols, derived from 
diolefines, have not only been synthetically prepared, but have also been discovered 
in ethereal oils. 


2 . ACETYLENE ALCOHOLS 

Pfopargyl Alcohol [PropinoU^],Cll \ C.CHjOH, b.p. ii4®,D,o = 0-9715. — ^This 
alcohol was obtained by Henry in 1872 569 ; 8, 389) upon treating a-brom- 

allyl alcohol (see p. 124) with potassiuni hydroxide. It is a mobile, agree- 
able smelling liquid. Like acetylene, it forms an explosive silver compound, 
CaHj|(OH)Ag, white in colour. The copper salt (CaHjOHjjCu, is a yellow 
precipitate. t 

Homologous acetylene alcohols result from the action of sodium compounds 
of the alkyl acetylenes on trioxymethylene or another aldejiyde (C. 1 902, 1 . 629) : 

RC i CNa+R'.CHO=RC ; CCH (ONa) R'. 

Amyl Propiolic filcohol, CHa[CH2]4C^C.CHaOH, b.p.j, 98®, 

• 

3. niOLEFINE ALCOHOLS 

Higher alcohols, in which the double union of carbon atoms occurs twice, 
are synthetically produced by the action of zipc and allyl iodide on esters of 
formic acid and acetic acid (A. 197 , 70). Diallyl Carbinol (CHa:CH.CH2)aCHOH, 
b.p. 151°. Diallyl Methyl Carbinol b.p. 158®. Diallyl 

Ethyl Carbinol (CH2:CH.CH2)aC(C2HB)OH, b.p. 175®. Diallyl Propyl Carbinol 
(CHa:CH.CHa)2(CaH7)OH. b.p. 194° (C. 1901. I. 99 ?)- 

Diolcfine alcohols, wliich can be converted into terpencs, are of great theoretical 
interest ; such are geraniol or rhodinol, and linalool. They will be discussed under 
the olefinic terpene or terpenogen group (Vol. II.). 


ALCOHOL DERIVATIVES 

I. SIMPLE AND MIXED ETHERS 


Others are the oxides of the alcohol radicals. If the alcohols cje 
compared \vitlT basic hydroxides, then the ethers are analogous to the 
metallic oxides. They may be considered also as anhydrides of the 
alcohols, formed by the elimination of water from two molecules of 
alcohol : 


C2HB.OH J| q^CbHbn. Q 

C2HB.OH “*^“'C,Hb>^- 


Ethers containing two similar alcohol radicals are termed simple 
ethers / those with different radicals, mixed ethers : 

c;h;>^ 

Ethyl Ether, or Methyl TUhyl 

Diethyl Ether. Ether. 

•» 

The metamerism of ethersiamong themselves is dependent upon the 
homology of the alcohol radicals, which ajfe mnited by the oxygen 
atom (p. 26). 

We must make a distinction between the above and the so-called 
compound ethers or esters, in which both an Alcohol radical and an 
acid radical are present — f .g. : 


C ^^>0 Ethyl Acetic Ester ; and Ethyl Nitric Ester4 
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The properties of these substances are entirely different from those 
of the alcohol ethers, and in the follo>ving pages they will always be 
termed esters. 

The following are the more important methods'of preparing the 
ethers : ' i 

I. The chief method of for^jiation consists of the interaction of 
sulphuric acid and alcohols. Alk /1 sulphuric acids result at first, but 
on further heating with alcohols these are converted into ethers. This 
procedure affords a means of obtaining both simple and mixed ethers 
{WiUiamson, Chancel ) : 

Bthyl Sulphuric Diethyl 

Acid. Ether. 

H,S 04 . 

Methyl Sulphuric Methyl Ethyl 

Acid. Ether. 

When a mixture of two alcohols reacts with sulphuric acid, three ethers 
are simultaneously formed ; two are simple and one is a mixed ether. Sub- 
sidiary reactions give rise to the production of sulphones and sulphonic acids 
(C. 1897, II. 340 ; 1899, II. 30). Other polybasic acids, such as phosphoric, arsenic, 
and boric, behave like sulphuric acid. This is also true of hydrochloric acid 
at 170®, and sulpho-acids — e.g, benzene sulphonic acid, at 145° {F. Kraffi, B. 26 , 
2829). In this reaction ethyl benzene sulphonic ester is produced and breaks 
down according to the equations : 


C,H,SO,H -fC,H,OH =C,H,SOaCaHg +H jO. 

CaHaSOjCaH, +CaHaOH ^C.HjSOaH -f (CaH JjO. 

The dialkyl sulphates are converted by alcohols into ethers and alkyl sulphuric 
acids much more quickly than the alkyl sulphuric acids (C. 1907, I. 702). 


2. The action of the alkylogens on the sodium alcoholates in 

alcoholic solution produces mixed ethers. • 

«> 

C,H,.ONa +C,H,a =C>5»>0 +Naa. 

C,H,.ONa +C,H,CI =^»gi>0 +NaCl. 

Consult B. 22 , R. 381, 637, upon the velocity of these reactions. 

3 

3. Halogen-substituted ethers yield homologous ethers on reaction 
with zinc or magnesium organic compounds, e.g. bromomethyl amyl 
ether (p. 186) and ethyl magnesium bromide yield amyl propyl ether 
(C. 1904, I. 1195) : 

C.HiiOCri,Br-|-BrMgC,H,=*C|P„OC,Tl,H-MgBr,. 

4. Action of the nlkylogens on metallic oxides, especially silver 
oxide : 

2C,H,I + Ag,0 =. (C,H,),0 +2 Agl 

indicates the constitution of the ethers. 

Properties. — Ethers are neutral, volatile (hence the name 
air) bodies, nearly insoluble in water. The lowest members are gases ; 
the next higher are liquids, and the highest — e.g. cetyl ether — are 
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solids. Their boiling points are ver^ much lower than those of the 
cotrespon^g alcohols (A. 248 , x). * 

RsacHons. — Chemically, ethers are very indifferent, because all the hydrogen 
is attached to carbon. 

(il When oxidized they yield the samrj products as their alcohols. 

121 They yield ethereal salts when hea Jed with concentrated sulphuric acid. 

(3) Phosphorus chloride converts ther / into alkyl chlorides : 

« 

^g»>o+pa,=c,H,ci+CH,a+Poci,. 

(4) The same occurs when they are heated \^ith the haloid acids, especially 
with HI at 100® (C. 1897, II. 408 ; 1901, II. 679) : 

, • 
+2HI =C,H,I+CH,I +H, 0 . 

In the cold the effect of the HI is to cause decomposition into alcohol and 
iodide, and in the case of mixed methyl alkyl ethers the production of methyl 
iodide and alkyl alcohol predominates. If the alkyl group is a tertiary one, the 
iodo-tert>all^l mainly is produced ; but in other cases a mixture of the two 
possible iodides and alcohols results (B. 39, 2569). 

C^g*> 0 +Hl =CH,I +*C,H,OH. 

(5) Many ethers, especially those containing secondary and tertiary, or un- 
saturated (allyl) groups, are broken down into alcohols when heated with water 
or very dilute sulphuric acid at 150® (B. 10 , 1903) ; e.g. vinyl ethyl ether decom- 
poses into alcohol and aldehyde (B. 39 , 1410 footnote). 

(6) Ether combines with many substances to form addition compounds, as, 
for example, with magnesium or zinc iodide, magnesium alkyl halides (p. 185) 
producing bodies of the type zRjO.Mgl*, RaO MgIR', etc. This is due to the 
presence of a tetra valent oxomum oxygen atom {Baeyer and Vilhger, B. 34 , 2688). 

With benzoyl chloride (Vol IT.) the ether magnesium iodide breaks up into 
ethyl iodide, ethyl benzoate and MgCl, (C. 1905, 1 - 1082; B. 38 , 3GO5): 

2 (C,H , j ,O.MgI , + 2C,I1 gCOCl = 2C,H ,I + 2C«H jCO.OCjH 5 +MgCl,. 


4. etAers of the saturated or paraffin alcohols 

Methyl Ether, (CH,), 0 , is prepared by heating methyl alcohol with sulphuric 
acid (B. 7 , 699). Xt is an agrecable-smelhng gas, which may be condensed to a 
liquid at about —23®. Water dissolves 37 volumes and sulphuric acid upwards 
of 600 volumes of the gas. 

Chlorine converts methyl ether into chloromethyl ether, sym.-dichloromethyl 
ether, and perchlorpmethyl ether which partially decomposes on boiling. 1 lu* 
first two are formaldehyde derivatives, and, together with the corresponding 
bromo- and iodo-compounds, will be treated after formaldehyde. 

Ethyl Ether or Ether, (C2H5)20, m.p. (B. 83 , 638), b.p. 35°, 

Do = 0*736, is by far the most important repiesentative of this class of 
compounds. It has been known for a long timo. 

History . — Ethyl ether and its production from Alcqhol and sulphuric acid were 
known and described by Valerius Cordus, a German physician, in the six- 
teenth century. Until the beginning of the present century ethtr was regarded 
as a sulphur-containing body ; hence, to distinguish it from other ethereal com- 
pounds, it was called sulphur-ether. The ether procesi, in which a comparativdy 
small quantity of sulphuric acid was capable of converting a large quantity 
of alcohol into ether, was ificluded in the category of catalytic reactions. The 
explanation of this process constitutes one of the most important advances in 
organic chemistry. 
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• In 1842, Gerhardt, from purely theoretical reasons and in opposition to Liebig, 
concluded that the ether molecule did not contain the same number of carbon 
atoms as were present in the alcohol molecule, but twice that number.. He 
was unable to gain general acceptance for this view. WiUiamson, in 1850; 
by a new synthesis of ether, proved the correctness of Gerhardt*s conception, 
not only for it, but for ethers in general : he caused reaction to take place between 
sodium ethoxide and ethyl iodide (p. ^6). The formation of ether from alcohol 
and sulphuric acid Williamson explaiVed by a continuous breaking-down and 
re-formation of ethyl sulphi^ric acid, fiiade possible by the contact of alcohol 
with the acid at 140'^ (A. 77 , 37: 81 , 73 )- 

Chancel, who preceded Williamson in publication, had made ether inde- 
pendently of the latter, by hea;*'ing a mixture of potassium ethyl sulphate and 
potassium ethoxide : 

• So4C.H.+p{C.H.^SO,{K+o{C.H. 

The objection that ether, because of its low boiling temperature, could not 
contain the double nun^ber of carbon atoms in its molecule. Chancel removed 
by citing the boiling point of ethyl acetic ester (Laurent and Gerhardt, Cr. 1850, 
6,369). 

Ethyl Alcohol . . • . CgHgOH .... b.p. 78®. 

Ether (CgHJgO .... b.p. 35®. 

Acetic Acid .... CHaCOaH . . . b.p. 118®. 

Ethyl Acetic Ester ... . CHgCOaCaHs . . . b.p. 77®. 


Thus it was proved that ethyl alcohol and ether were bodies belonging to the 
water type (p. 19) — i.e. they might be regarded as water in which one and two 
hydrogen atoms were replaced by ethyl : 


H 

H 


) 


O 


O. 


Preparation , — Ether is made (i) from ethyl alcohol and sulphuric 
acid heated to 140°. The process is continuous. (2) From benzene 
sulphonic acid and alcohol at 135-145° (B. 26 , 2829). 

The advantage in the second method is that the ether is not cofifeaminated with 
sulphur dioxide, which in the first method has to be removed from the crude 
product by washing with a soda solution. Anhydrous ether may be obtained by 
distilling ordinary ether over quicklime, and drying it finally with sodium wire 
(see aceto acetic ester) until there is no further evolution of hydrogen. 

Test for Water and Alcohol . — When ether containing water is shaken with an 
equal volume of CSj, a turbidity results. When alcohol is present, the ether, 
on shaking with aniline violet, is coloured ; anhydrous ether does not acquire 
a colour when similarly treated. 


Properties . — Ethyl ether is a mobile liquid with peculiar odour. 
It dissolves in 10 parts of water and is miscible with alcohol. Nearly 
all the carbon compounds insoluble in water, such as the fats and resins, 
are soluble in ether. It is extremely inflammable, burning with a 
luminous flame. Its vapour forms a very explosive mixture with air. 
When inhaled, ether vapour brings about unconsciousness, a property 
discovered in 1842 by Charles Jackson, of Boston,* and has been 
used in surgery since Morion's employ<ment of it in 1846. 
mann's Anodyne, SpirityLS^ Aether eus (so named after the great Halle 
clinician, who died in 1742) is a mixture of 3 parts alcohol and i part 
ether. 

Ether unites with bromine to form peculiar, crystalline addition products 
somewhat like the so-callcd bromine hydrate ; it combines, too, with water, 
metallic salts, hydrofcrrocyanic acid. etc. (see above, p. 127). 

^ « Per Aether gegen den Schmerz, von Bins, Bonn, x896. 
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Reactions, — For the action of air on etlier, see vinyl alcohol (p. 123}. Slow 
combustion leads to the formation of diformaldehyde peroxide hydrate. Hydro** 
gen peroxide is produced when oxygen acts on moist ether (B. 29 , R. 840 ; 88, 
X409). When heated with water and sulphuric acid to 180®, ethyl alcohol results, 
^^en ozone is conducted into anhydrous ether, an explosive peroxide is formed. 
Chlorine, acting on cooled ether, produces (A. 279 , 301) : 

Monochlorether, CHa.CHCl.O.CjH,, b.p. 98®. 

1,2-Dichlorether, CHjCl.CHCl.O.CjH I b.p. 145®. 

Trichlof ether, (ClJCla.CHCl.O.CjH,, b.p. 170-175® (C. 1904, I. 920). 

Perchlorether, ^ (CjClj)30, m.p. 68®, breaks down on distillation 

into CgCla and trichloracetyl chloride, CgClaO.Cl. The a-halogen substituted 
ethers are closely connected with the aldehyde afcoholates (p. 204). 

2-CA/oro-, Bromo-, lodo-ethyl Ethers are the ethers of glycol chloro-, bromo-, 
and iodo-hydrins — e.g, CHaCl.CHaO.Calis. ^ ^ 

sym.-Dichlorether, CHa.CHCl.O.CHCl.CHj, b.p. 116®, is produced by the action 
of hydrochloric acid on aldehyde. 

sym.‘Di-iodoet/ier (l.CHj.CHjjaO. (See Glycol Halogen Ester.) 

The following table contains the melting and boiling points of the better known 
simple and mixed ethers : — ^ 

Ethyl Methyl Ether . b.p. ii® n^Propy I Methyl Ether . , b.p. 37® 

Methyl tert.-Butyl Ether b.p. 54® Methyl Isopropyl Ether . . b.p. 32® 

n-Propyl Ether . . . b.p. go® Isopropyl LUher .... b.p. 70® 

Ethyl tert.-Butyl Ether. b.p. 70® Isopn^pyl tert.-Butyl Ether , b.p. 75® 

Isoamyl Ether .... b.p. i bo® (Ci8H33)aO,m.p.55®b.p.30o® 

The majority of these ethers arc produced by the interaction of alkyl halides 
and sodium alcoholates (C. 1903, 1 . 1 rg; 1904, 1 . 1065) ; n-propyl ether is formed 
from n-propyl alcohol .and ferric chloride, at 145-155° (C. 1904, II. 18). Methyl 
ieri.-Afnyl Ether, (OH8)2C(OCIl.,).Cll2CJJ3, b.p. ISO®, is prepared from trimethyl 
ethylene by heating it with methyl alcohol and iodomelhane (C. 1907, I. 1125). 

B. ETHERS OF UNSATUKATlvD ALCOHOLS 

It was explained, when discussing the iinsaturated alcohols (p. 123), that the 
members of that series in which hydroxyl was combined with a doubly linked 
carbon atom rcMily rearranged themselves into aldehydes or ketones, and were 
only known in their derivatives, especially as ethers. Thus : 

I. Vinyl Ether, (CH2=CH)20, b.p. 39°, may be obtained from vinyl sulphide 
(p. 143) and silver oxide. 2. Perchlorovinyl Ether, Chloroxethose (CCl2=CCl)80, 
is formed froifi perchlorcthyl ether (.ibo^c) and KgS. 3. Vinyl Ethyl Ether, 
b.p. 35*5^, results from the interaction of iodoctliyl ether and sodium ethoxide; 
also from acetal by Pa05 and quinoline ( 13 . 31 , 1021). 4. Isopropenyl Ethyl Ether, 

CH3C(OC2Hs) -CH^. b. p: 62-^3®, IS formed from propenyl bromide and alcoholic 
potassium hydroxide, and from ethoxycrotonic .acid ( 13 . 29 , 1005). Also, the 
homologues of /S-alkoxyacrylic acid easily p.irt with COj and yield the homologues 
of alkoxyethylene ether, R(^(OC3H5) :CHK' ; they all yield ketones and alcoho 
when hydrolized with dilute acids (C. 1904, I. 719 ; 13 . 39 , 1410 footnote). 

Ethers of allyl alcohol and propargyl alcohol arc known : Allyl Ether, 
(CH2=CH.CH2)30, b.p. 85®: Propargyl Ethyl Ether, CH C.CHg.O.CHg.CH,, 
b.p. 80®. (See iithyl Propiolic Ester.) 

ALKYL HYDROGEN AND DIALKYf. PEROXIDES 

The alkyl hydrogen peroxides and tlic dialkyl peroxid ys stand in the same rela- 
tion to hydrogen peroxide, as the fionohydric alcohols and the ethers do to water: 

HO C2H5O • . CjHjO 

HO HO CaHjO 

Hydrogen Ethyl Hydrogen Dtelhyl 

Peroxide. Peroxide. * peroxide. 

Since hydrogen peroxide behaves like a weak acid, the mono- and di-sub- 
stituted compounds can be looiccd upon as the mono- and di-alkyl esters of acid. 

Ethyl hydrogen peroxide and diethyl peroxide are the only members which have 
been closely studied. They result from the interaction of diethyl sulphate and 
VOL, I. . K 
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a 12 per cent, solution of hydrogen p^oxide, and the subsequent slow addition 
potassium hydroxide solution during continuous shaking. An excess of hydrogen 
peroxide favours the production of ethyl hydrogen peroxide (Baeyer and Villiger, 
B. 84 . 738). 

Ethyl Hydrogen Peroxide, CjHgO.OH, b.p.ioo 26-47°, is a colourless liquid, 
which can be distilled without decomposition, under reduced pressure. It is 
miscible with water, alcohol, and ether, ilnd can be separated out from its aqueous 
solution by the addition of ammonium ©sulphate and potassium carbonate. Its 
odour is that of bleaching powder and acetaldehyde together. A drop of the con- 
centrated solution on the skin causes inflammation. When rapidly heated, 
it detonates, and a strong explosion occurs when it is brought into contact with 
very finely divided silver. Acyl derivatives of hydrogen peroxide result from 
interaction with carboxylic anhydrides. Tertiary bases are oxidized to amin- 
cxides. , 

Barium salt, (C.HjOCf) gBa +2H8O, is formed by dissolving barium hydroxide in 
an aqueous solution of ethyl hydrogen peroxide. It crystallizes as a leafy mass. 

Diethyl Peroxide, CII^CHg.O.O.CHaCHa, b.p. 65°, Dj® - 0-8273. It is slightly 
soluble in water, but soluble in g,lcohol and ether. On contact with a thermometer 
heated to 250° it burns rapidly but without noise. If the liquid, in a COj atmo- 
sphere, is approached by a heated copper wire which is then removed, it disappears 
very quickly without generation of light or boiling ; this phenomenon is looked on 
as being a slow explosion. The products of combustion consist of formaldehyde 
and CO, together with some ethane. 


2. ESTERS OF THE MINERAL ACIDS 


If we compare the alcohols with the metallic bases, the esters or 
compound ethers (p. 126) are perfectly analogous in constitution to 
the salts. Just as salts result Irom the union of metallic hydroxides 
With acids, so esters arc formed by the combination of alcohols with 
acids, water being formed in both reactions : 

NaOH+HCl= NaCH-HaO. 

CaHsOH+HCl^CaHsCl-fHaO. 

The haloid esters correspond to the haloid salts ; they may also be 
regarded as monohalogen substitution products of the hydrocartipns 
(p. 193). Corresponding with the oxygen salts arc the esters of other 
acids, which, therefore, may be viewed as derivatives of the alcohols, 
in which the alcohol-hydrogen has been replaced by acid radicals, or as 
derivatives of the acids, in which the hydrogen replaceable by metals 
has been substituted by alcohol radicals. The haloid esters would be 
included in the last definition of esters. The various definitions of 
esters as derivatives of the acids, and again as derivatives of the alcohols, 
find expression in the different designations of the esters : 


CjjHa.O.NOa or NOg.O.CjH*. 

Ethyl Nitiatc. Nitric Ethyl Ester. 

In polybasic acids skI the hydrogen atoms can be replaced by 
alcoholic radicals, whereby neutral esters are produced. When all 
the hydrogen atoms are lyjt replaced by ^alcoholic radicals, acid esters 
are formed, which still ^possess the acid character. They form salts, 
hence are termed ester acids, and correspond with acid salts : 


Neutral Potassium Sulphate 
Sulphuric Ethyl Ester. 


so.<gS 

Acid Potassium Sulphate. 

so.<gg*“‘ 

Ethyl Sulphuric Acid. 
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Dibasic adds form two series of salts, and also of esters, whilst with 
tribasic acids there are three series of salts and of esters. 

In the case of ^he polyhydric alcohols there are, besides the neutral esters, also 
basic esters, corresponding with the basic salts, in which not all of the hydroxyl 
groups were estcrified. 

Formation of Esters. — (i) The Asters can be prepared by direct 
combination of alcohols and acids, when water is also produced : 

CjHj.OH +NO2 .OH =CjH5.0.N0, 4 -H, 0 . 

This reaction, however, only takes place grttdually, progressing with time ; 
it is accelerated by heat, but is never complete, free alcohol and acid remain 
uncombined together with the ester, and they d*# not rea^t any further upon eaefi 
other. If the ester be removed — e.g. by distillation — from the mixture, as it 
is formed, an almost perfect reaction may be attained. ' 

When acted on by alcohols, the polybasic acids mostly yield the 
primary esters, the ester-; or ctlier-acids. 

There are two synthetic metliods of producing the esters which 
favour tlie views of considering them derivatives of alcohols or acids. 
These are : • 

(2) By reacting on the acids (their silver or alkali salts) with 
alkylogens : 

NOo.O.Ag+C.HJ-^NOa.O.CaHs+Agl. 

(3) By acting on the alcohols or metallic alcoholates with acid 
chlorides : 

2C,h,.oh i-so,a,=so,<°-^»“»+2Ha. 

3C,H,.OH + BCl,=B(O.C,H,), ‘ +3HCI. 

Properties. — The neutral esters arc insoluble, or soluble with 
difficulty in water, and almost all arc volatile ; therefore the determina- 
tion of their vaj^ur density is a convenient means of establishing the 
molecular magnitude and also the basicity of the acids. The aster 
acids are not«/olatile, but arc soluble in water and yield salts with the 
bases. 

All esters, and especially the ester-acids, are decomposed into 
alcohols and acids (p. 104) when heated with water. Sodium and 
potassium hydroxides, in aqueous or alcoholic solution, accomplish 
this with great readiness when heated. This process is termed saponi- 
fication, because the soaps — i.e. the potassium and sodium salts of the 
higher fatty acids (q.v.) — ^are obtained by this reaction from the fats, 
the glycerol esters : 

NOj.O.C,H a -f KOH 

A more general term is hydrolysis ; both words, 'infortunately, have become 
almost equivalent. — (T r.) % 

% 

• 4 

A. I. alkyl esters of the halogen acids, halogen esters of 

THE SATURATED ALCOHOLS, HALOGEN ALKYLS 

(9 

It was pointed out under the halogen substitution products of the 
paraffins and the unsatunated acyclic hydrocarbons that the mono- 
halogen substitution products, or alkylogens, were mostly prepared from 
the alcohols. This intimate connection with the alcohols is the reason 
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the assumption of the alkylogens as esters of the haloid acids. As 
haloid esters of the alcohols they range themselves with the alkyl 
esters of the inorganic oxygen acids. , 

The view that the halogen derivatives CnHan^-i^ paraffin substitution 
products is expressed in the names monochloro-methane, monochloro-ethane, 
etc., whilst the designation methyl chldride, ethyl chloride, etc., for the mono- 
halogen substitution derivatives of metnane and ethane, mark these substances 
as h^oid esters of the alcohols, corresponding with the metallic halides. The former 
mode of expression is, however, preferable, and will in the main be adopted here 
except in certain cases for definite reasons, because there is little in the properties 
of, say, methyl chloride to connect it with the chlorides as usually understood. 

•' Formation of Alkylogens. — the substitution of the paraffins. The con- 
ditions favouring the substitution of the hydrogen atoms of the paraffins by 
halogen atoms have been mentioned under the general methods for the prepara- 
tion of halogen substitution products. The substitution reaction is not well 
adapted for the preparafion of alkylogens, because mixtures di compounds are 
invariably produced, and amdng the higher members of the series isomers 
are formed. This is because the chlorine replaces the hydrogen both of terminal 
and intermediate carbon atoms (B. 39 , 2153). Thus normal pentane, 

CH,.CHa.CHa.CHj,.CH3 yields CHa CHa.CHCl.CHs.CHa and 
C CH3.CH3.CHj.CHCl.CHa, 

CIIaCHaCHaCHjClIaCl, 

and such mixtures are separated with great difficulty. 

(2) By the addition of halogen acids to the olefines . — In this addition, which 
occurs with especial ease with hydriodic .icid, it is interesting to note that the 
halogen atom attaches itself to the carbon atom carrying the least number of 
hydrogen atoms (p. 184) : 

CH3.CH=CH3 ^ CHa.CHI.CH,. 

cS:>C=CH. — — > 

In the case of propylene and hydriodic acid, some iodo-n-propane is also 
formed {Michael, B. 39 , 2138). 


(3) From alcohols (a) by the action of halogen acids, — This reaction 
is not complete unless tlic halogen acid is used in great dxcess^, or the 
water formed at the same time with the alkylogen is absorbed. Hence 
in the case of methyl and ethyl alcohol an addition of zinc chloride 
or sulphuric acid is advantageous (sec mono chloro ificthane, p. 135). 
Tertiary alcohols are specially easily converted into chlorides by 
hydrochloric acid. 

;%This addition is a disadvantage in the case of the higher alcohols, 
fcecause olefines are first produced, and to these the halogen acid 
becomes added in such a manner that an isomer of the desired alkylo- 
gen is obtained (p. 84). Hence alkyl iodides can be prepared from 
polyhydric alcohols (comp. Isopropyl Iodide, p. 136) : 


C3H4(bH),+ sHI^CaHjI + Ia+2HaO. 
C,Ha(OH),+ 5HI=CaH,I 4.2l,+3H30. 
C4H.(OIl)r4- 7HI=C4H^I -f3li+4H30. 
C,Ha(0H).4-iiHI=CaH4,I-f-5li+6H30. 


It may also be remarked that in the presence of an excess of hydriodic 
acid the iodides are often reduced. 

(6) By the action of phosphorus halides,-— li, for example, ethyl 
alcohol be treated with PCI3, PBra, or PI3, two possibilities arise : 
either a halogen acid and ethyl phosphorous ester are produced. 
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or an ethyl halide and phosphorous acid. The latter reaction occurf 
when PBra and PI3 are used, and this method is adopted almost 
exclusively in the preparation of the alkyl bromides and iodides (see 
ethyl bromide and ethyl iodide) : 

, PBr, + sCaH.OH = aCjHsBr + H aPO,. 

PIa+ 3 CaHaOH= jCaHal +H,POa. 

(BI3 acts analogously on ethyl alcohol, B. 24 , R. 387.) The for- 
mation of esters of phosphorous acid by the use of PBrs and PI3 is 
far from satisfactory. PCI3, on the othor hand, yields phosphorous 
esters and hydrochloric acid almost entirely according to the equation 
(C. 1905, II. 1664 ; see p. 141) : * # 

PCla+ 3 CaHaOH=P(OCaHa),-h 3 HCl. 

The chlorides are readily formed if PCljj be substituted for PCI3 : 

PCla -hCaHjOH ^CaHaCl+HCl 

(4) From alkyl halides or alkyl sulphuric acids and metallic halides. 

(а) Bromides and iodides can be transformed into chlorides by heating them 

with HgCla : • 

2C,H,I+HgCla-=2CaH,Cl+HgIa. 

(б) When chlorides are heated with AIB13 or Allj or Cal* they become con- 
verted into bromides or iodides (B. 14 , 1709 ; 16 , 392 ; 19 , R. 166) : 

aCaHaCl+AlBr^^jCaHaBr+AlCla. 

(c) Methyl and ethyl iodides yield with AgF the gaseous compounds methyl 
fluoride^ CHsF, and ethyl fluoride, CgH^F, wliich have an agreeable, ethereal 
odour, and do not attack glass (B. 22 , R. 2O7). 

(d) On distilling ethyl sulphuric acid and potassium bromide, ethyl bromide 
is produced. Methyl and ethyl sulphates with alkali iodides in aqueous 
solution yield methyl and ethyl iodides. 

(e) Magnesium ^kyl chlorides or bromides yield iodo-alkyls with iodine 

(C. 1903. I- 318) 

C6H„MgCl-fI,=C3HiiI+MgCl. 

Isomerism. — Propane is the first hydrocarbon capable of 3delding 
isomers (p. 27). TJie isomerism depends on the varying position 
of the hydrogen, atoliis in the same carbon chain, and from butane 
forward it depends on the different linkage of the carbon atoms forming 
the carbon skeleton (see table, p. 134). 

Properties and Reactions. — ^The alkylogens are ethereal, agree- 
able, sweet-smelling liquids. They are scarcely soluble in water, but 
dissolve with ease in alcohol and ether. Tliey are gases at the ordinary 
temperature — e.g. methyl chloride, ethyl chloride, and methyl bromide. 
The chlorides boil 28-20° lower than thte bromides, and the latter 
from 34-28° lower than the corresponding iodides (p. 134). The 
differences grow less with iqfreasing molecular height. As 111 the case 
of the paraffins, here also, where isomers ^jt, the normal members 
have the highest boiling points ; the more branched the carbon chain, 
the lower will the boiling point lie. 

As halogen esters of the alcohols, the alkylogens may be compared 
with the metallic halides, although the halogens are less readily trans- 
posed by silver nitrate. ‘The iodides are the most reactive. However, 
the alkylogens are excellently adapted to bring about the replacement 
of metals, and thus to unite alcohol radicals and atoms which previously 
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^ere combined with metals. Particularly interesting is the reaction 
between the alkaline cyanides (see nitriles), and the sodium deriva- 
tives of acetoacetic ester (q.v,) and malonic ester {q v.). Both are 
synthetic reactions of the fii^t importance (p. 75). The alkylogens 
play a prominent part in tlie nucleus-syntheses of the paraffins (see 
Ethane, p. 72). They constitute the transition from the paraffins and 
olefines to the alcohols, into whicli they are converted, for example, 
by moist silver oxide. 

The methods for the conversion of alcohols into ethers, into 
mercaptans (sulphur-alcohols), into alkyl sulphides (sulphur-ethers) 
and compound mineral ethers or esters, are based upon the reactivity 
of the halogen atoms in the alkylogens. This is also the case with the 
methods employed in the preparation of metal alkyls, especially zinc 
alkyls and magnesium alkylogens. 

Among the numerous reactions of the alkylogens, mention may 
here be made of their power to unite with ammonia and ammonium 
bases. By this means the primary, secondary, and tertiary amines, as 
well as the tetra-alkyl ammopium halides, were obtained. 

The following table contains the boiling points of some of the 
alkylogens at the ordinarj^ pressure : — 


Name and Formula of Radical. 

Chloride. 

Bromide. 

Iodide. 

Methyl- 

Ethyl- 

. CH3— 

CHsCHj— 

-24" 

4 - 12 - 5 " 

+ 4 - 5 ‘’ 

jS'* 

43 ° 

72®. 

n-Propyl- . 

Isopropyl- . 

{CH,),CH- 

44 ” 


102“ 

89 - 5 » 

n-Butyl- 
Isobutyl- . 

sec.-Butyi- . 
tert. -Butyl- 

CUjCHjCHjCHj- 

(CU3)jCHCH,— 

77-5” 1 
0 X- 5 ° 1 

1 

92° 

129*6® 

120® 

n-Amyl- .... 
Isoamyl- .... 
Diethyl Methyl- 

Methyl n-Propyl Methyl 

Methyl Isopropyl Methyl- 

Dimethyl Ethyl Methyl- 

CHj.rCII.IjCH,— 

(CjllJjCH— 

(CH,),, 

C,H,- 

106" I 
100"^ 1 

104'^ 

91° 

SO® 

T 29 ° 

120® 

II5® 

100° 

155° 

t.i8° 

145" 

144® 

138° 

127® 

n-Hexyl- 

n-Octyl- 

CH,[CUJ,CHr- 

133° 

1.^9“ 

180® 

155" 

178® 

199® 

179" 

203® 

225® 

• 

Monofluoromethane CHjF, b.p. —78®, is formed according to mode of pre- 
pai'ation (4) {c) (p. I33h and by heating tetramethyl ammonium fluoride (C. 

1904, 11 . 1281). 
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Monoohloromethane, Methyl Chloride, CH3CI, m.p. —103° (B. 83 . 
638), is obtained from methane or methyl alcohol. It is a sweet- 
smelling gas. .Alcohol will dissolve 35 volumes of it, and water 
4 volumes. 

It is prepared by heating a mixture of i part methyl alcohol (wood spirit), 
2 parts sodium chloride, and 3 parts sulphuric acid. A belter plan is to conduct 
HCl into boiling methyl alcohol in the presence of* zinc chloride (J part). The 
disengaged gas is washed with KOH, and dried by means of sulphuric acid. Com- 
mercial methyl chloride is obtained by heating trimethylaminc hydrochloride, 
N(CH3)3.HC1, and is usually supplied in a cbmpressed condition. It was 
formerly employe»l in the manufacture of the aniline dyes, and in producing 
cold. f , 

Monochlorethane, Ethyl Chloride, C2H5CI, b.p. 12-5°, Dq = 0*921. It 
is prepared from ethyl alcohol in the same mannef that methyl chloride 
is obtained from its alcphol. Its formation from ‘‘ ethyl hydride " or 
jdimethyl by means of clilorinc (p. 72) is important from a theoretical 
Standpoint. 

It is an ethereal liquid, miscible wi^h alcohol, and but sparingly 
soluble in water. 

If heated with water at 100° in a sealed tube, it changes to ethyl 
alcohol, a conversion which is accelerated by potassium hydroxide. In 
diffused sunlight, chlorine acts upon it to form cthylidene chloride, 
CH3.CIICI2, and other substitution products. Of these C2HCI5 was 
formerly employed as Mther ancBstheiicus. Chlorine, in the presence 
of iron, converts chlorethanc into eth3dene chloride. 

Myrlcyl chloride, m.p. 

Methyl Bromide, Monobromomethane, CHsBr, Dq 173 (B. 38 , 
1865). 

'Monobromethane, Ethyl Bromide, C2H5Br, b.p. 39° ; D13 = 1*47. 
It is prepared from potassium bromide and ethyl sulphuric acid 
(p. 126). It is used^as a narcotic, and is Imown as the officinal ^iher 
bromatus. * 

Bromopropane, Propyl Bromide, CaH^Br, b.p. 71°; D*o = 1*3520, is prepared 
from the normal alcohol (C. igoO, 11 , 1042). 

Bromo-isopropane, Isopropyl Bromide, CgHyBr, b.p. 59 50° ; D20 = i* 3097 » « 
obtained from its corresponding alcohol, ft is most convenient! 5*' prepared by 
the action of bromine on isopropyl iodide (B. 15 , 1904). On boiling with 
aluminium bromide, or by heating to 250®, normal bromopropane is partially 
converted into the bromo-isopropane (B. 16 , 39^). It may be assumed that the 
normal bromopropane, CHa.CH2.(UI.;.Br, at firsj breaks up into propylene, 
CHj.CHiCH, and HBr, which then, according to a common rule of addition 
(p. 84), unites with the pjjj^pylenc to bromo-isopropane, CH3.CHBr.CH,. 
Similarly, the bromo-isobutane (CHala.CH.CHj.Br, changes at 240® to tert.- 
bromobutane, (CH,)a.CBr.CH,. The reactions occufring on heating the halogen 
acids with the alcohols may be explained in the same manner. 

The table already referred to also contains the boiling points of some of the 
higher homologucs. * 

Cetyl Bromide, CH,[CH,],4CH2Br, m.p. 15*. 

On exposure to the air the iodides soon become discoloured by 
deposition of iodine. The iodides of the secondary and tertiary 
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^ alcohols are easily converted by heat into alkylenes, CnH^n. and HI. 

* 'Consult A. 248 , 30, upon the specific volumes of the iodo-alkyls. 

lodomethane Methyl Iodide, CH3I, b.p. 43°; Dd= 2*19, is pre- 
pared from methyl alcohol, iodine, and phosphorus, or from ^methyl 
sulphate and potassium ioHide in aqueous solution (C. 1906, II. 1589). 
It is a heavy, sweet-smelling liquid, and unites with H2O to form a 
crystalline hydrate, 2CHoI-fH20, and with methyl alcohol to form a 
compound, sCHgl+CHsOH, b.p. 40°, without decomposition (C. 1901, 
II. 179). At low temperatures the iodo-alkyls take up chlorine, form- 
ing extremely easily decomJ)osable iodo chlorides : 

Methyl lodochloride, QHaClj, m.p. —28®, consists of yellow crystals. It decom- 
poses into iodine chloride and chloromethane (B. 88, 2842). 

lodoethane, Ethyl Iodide, C2H6I, m.p. —113°, Do = i‘ 975 » 
discovered by Gay-Lussac in 1815. It is prepared from alcohol, iodine 
and phosphorus ; or from diethyl sulphate with potassium iodide 
solution (C. 1906, II. 1589) . It is a colourless, strongly refracting liquid. 

Propyl Iodide, C3H7I, b.p. 102!. D,o 17427, from propyl alcohol. 

lodoisopropane. Isopropyl Iodide, C3H7I, b.p. 89*5°, D2o = i“ 7 ® 33 » 
is prepared from isopropyl alcohol, propylene glycol, C3H0(OH)2, or from 
propylene, and, most conveniently, by distilling a mixture of glycerol, 
amorphous phosphorus, and iodine (A. 138 , 364) : 

C,H 3 ( 0 H) 3 + 5 HI=C 3 H,I 4 - 2 l 3 + 3 H 30 . 

Here allyl iodide, CH2=CH — CHgl, is first produced (see below), 
which is further changed to propylene, CH2—CH — CH3, and isopropyl 
iodide. 

The boiling points of some of the higher alkylogens will be found in the pre- 
ceding table. Cetyl Iodide, CH,.[CHa]i4CHaI, m.p. 22®, and Myricyl Iodide, 
CH,[CHa]*BCHaI. m.p. 70®. 


II. HALOGEN ESTERS OF THE UNSATURAT.ED ALCOHOLS 

Only the halogen esters of the most important olefine and acetylene alcohols 
will be given ; they are the allyl halides and the propargyl halides. The 
former are prepared from allyl alcohol by methods similar to those employed 
for the preparation of the corresponding compounds from ethyl alcohol. They 
are isomeric with the and a-haloid propylenes (p. 97), from which they are 
distinguished by their adaptability for double decompositions : 


Fonnula. Boiling Point. Sp. Gravity. 


Allyl Fluoride (B. 24 , R. 40) 
Allyl Chloride . . . ^ 
Allyl Bromide . . . ‘T 
Allyl Iodide 


CHa=CH.CH,F 

CH,=CH.CHaCl 

CHa=CH.CH*Br 

CH,=CH.CH,I 


— 10“ 

46“ 09379 (20*) 

71° 1-461 (0*) 

loi® 1789 (16®) 


The allyl halides are liquids with leek>like odour. Allyl chloride, heated to 
100® with HCl, yields prov^ylone chloride, CH2CHCI.CH2CI. Allyl bromi le, heated 
to 100® with HBr passes into trimethylene bromide, CH2Br.CH2.CH2Br. The 
addition of halogens produces glycerol trihaloid esters. 
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AUyl Iodide, It is readily prepared from glycerol by the action of^ 
HI, or iodine and phosphorus. It may be supposed that at first 
CH2I.CHI.CH2I forms, but is subsequently decomposed into allyl 
. iodide and iodine. (Preparation : A. 186 , 191 ; 226 , 206.) With 
excess of HI or phosphorus iodide, allyl iodide is further converted 
into- propylene and isopropyl iodide (see above). 

By continued shaking of aUyl iodide in alcoholic solution vrith mercury, 
C,H,Hgl separates in colourless leaflets (see mercury ethyl). Iodine liberates 
pure aUyl iodide from this : ' # 

C3lJ,HgI+I,=C,H,I+HgI,. 

Alcoholic potassium hydroxide converts allyl iodide into allyl 
ethyl ether. With potassium sulphide it yields allyl sulphide (p. 144) ; 
with potassium thiocyanate, allyl thiocyanate, which passes readily 
into allyl mustard oil {q-v), Allyl iodide has also been used in the 
synthesis of unsaturated 'alcohols. 


Name. 

FomiuA. 

Boiling 

Point 

Sp. Gravity. 

Propargyl Chloride (B. 8 , 308) 

CHlrC.CHaCl 

65° 

1-0454 ( 5 °) 

Propargyl Bromide (B. 7 , 761) 

CHE^.CIIaBr 

89° 

1*5200 (20°) 

Propargyl Iodide (B. 17 , H32) 

CH : :c.CHj,l 

115° 

2*0177 (0°) 


Propargyl chloride is produced when phosphorus trichloride acts 
on propargyl alcohol. 


B. ESTERS OF NITRIC ACID 

They are prepared by the interaction of alcohols and nitric «icid 
(C.’igo.^ II.*338). Nitrous acid is always produced, as a consequence 
of secondary reactions oxidizing and may be destroyed by the 
addition of urea ; 

’ C0(NHs,)a+2HN0,=C0,+2N,+3H,0. 

When much nitrous acid is present, it induces the decomposition 
of the nitric acid ester, and causes explosions. 

Methyl Nitric Ester, Methyl Nitrate, b.p. 6o**; D^q = 1*182. When struck or 
heated to 150® it explodes very violently. 

Ethyl Nitric Ester, Ethyl Nitrate, CgHg.O.NO*, b.p. 86°; D15 = i*ii2, is a 
colourless, picasant-smclling liquid. It is almost insoluble in water, and bums 
with a white light. It will explode if suddenly exposed to a high temperature. 
Heated with ammonia, it passes into ethylamine nitrate. Tin and hydrochloric 
acid convert it into hydroxylairihie. 

Propyl Nitrate, CjH^O.NOa (B. 14, 421), b.pl* i.io® ; Isopropyl Nitrate, b.p. 
101-102° ; Isohutyl Nitrate, b.p. 123° ; Isoamyl Nitrate, b.p. 148° ; n-Octyl Nitrate, 
b.p.to 110°; Myristyl Nitrate, b.p.^i 175-180®. 

• 

C. ESTERS OF NITROUS ACID 
« 

These are isomeric with the nitro-paraffins. The group NO2 is 
present in both ; whilst, however, in ^e nitro-compounds nitrogen 
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I 

^is 'combined with carbon, in the esters the union is effected by 
oxygen : 

CjHj.NO, CjHfi.O.NO. 

Nitro-ethane. ^ Ethyl Nitrous Ester. 

The nitrous esters, as might be inferred from their different structure, 
decompose into alcohols and nitrous acid when acted on by alkalis. 
Similar treatment will npt decompose the nitro-compounds. Nascent 
hydrogen (tin and lu'drochloric acid) converts the latter into amines, 
whilst the esters arc h37drolized. 

Nitrous acid esters are produced in (i) the action of nitrous acid on the 
alcohols in dilute aqueovs solution (B. 34, 755) ; (2) by the action of iodo-alkyls 
on silver nitrite (B. 25, R. 571) together witli nitro-paraffins of much higher 
boiling points ; ( s) by the introduction of nitrosyl chloride into a pyridine 
solution of the alcohol (C. 1903, II. 339). 

Methyl Nitrous Ester, Methyl Nitrite, CHs-O.NO. b.p. —12°. 

Ethyl Nitrous Ester. Ethyl Nitrite, CjHj.O.NO, b.p. 16®, Djg = 0*947, is obtained 
by the action of sulphuric acid and potassium nitrile on alcohol (A. 253, 251, 
footnote). It is a mobile, yellowish liquid. It is insoluble in water, and possesses 
an odour resembling that of apples. It is the active ingredient of Spiritus cetheris 
nitrosi. * 

When ethyl nitrite stands in contact with water it gradually decomposes, 
nitrogen oxide being evolved ; an explosion may occur under some conditions. 
Hydrogen sulphide changes it into alcohol and ammonia. 

n-Butyl Nitrite, C4H9.O.NO. b.p. 75°, sec.-Butyi Nitrite, b.p. 68®, tert.-Butyl 
Nitrite, b.p. 77®. n-Octyl Nitrite, b.p. 175® (C. 1903, II. 339). 

Isoamyl Nitrous Ester, CjHnO.NO, b.p. 96® ; D — 0*902, is obtained by pass- 
ing nitrous vapours into amyl alcohol at 100®. It is a yellow liquid. An explosion 
takes place when the vapours are heated to 250®. Nascent hydrogen changes 
it into amyl alcohol and ammonia. Healed with methyl alcohol, it is transformed 
into methyl nitrite and amyl alcohol ; ethyl alcohol behaves analogously (B. 20, 
656). 

Amyl nitrite, '' Amy Hum nitrosum,** is used in medicine, and also for the 
preparation of nitroso- and diazo-compounds. 

IJTote. — Diazoethoxane, C2HbO“-N=N--OC 2H5, results from the interaction 
of iodoethane and nitrosyl silver (NOAg)2. It is the ester of hyponitrous ;icid 
(B. 11, 1630). • . 


D. ESTERS OF SULPHURIC ACID • 

I. The normal, or dialkyl esters are prepared (i) by the interaction of iodo- 
alkyls and silver sulphate ; (2) from chlorosulphonic esters or sulphuryl chloride 
and sodium alcoholatc, together with by-products (C. 190 II. 936). They 
result (3), in small quantities, by heating mono-ethyl sulphuric ester alone, 
or the alcohol with sulphuric acid, and can be extracted from tiie reaction products 
by chloroform. A better method is to pass methyl ether into H2SO4 at 160® 
(C. 1901. II. 269). Fuming .sulphuric acid at ordinary temperatures yields 
mainly neutral e.sters with methyl and ethyl alcohols (C. 1900, II. 614). They are 
heavy Liquids, soluble in ctfier, possess an odour like that of peppermint, and 
boil without decomposition. They will sink in water, and gradually decompose 
into a primary ester and alcohol : ^ 

so,<g;^J|‘+H,o=so,<g^*“»+c,H,.OH. 

Dimethyl Ester. Dimet^iyl Sulphate, S0,(0CH8)2. b.p. 188®, is conveniently 
prepared by the interaction of methyl alcohol and chlorosulphonic acid. It is 
highly irritating to the mucous membrane (C. 1901, I. 265), and is poisonous 
(C. 1 90a, I. 364). It is frequently employed in the preparation of methyl ethers, 
esters, and amines (A. 327, 104). Diethyl Ester, Diethyl Sulphate, SO|(OC|H8)a. 
i).p. 208®, may also be prepared from SO^ and Heated with alcohol 
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it forms ethyl sulphuric acid and ethyl ether (B. 13, 1699 ; 15, 947) ; it is an excel- • 
lent reagent for alkylation (B. 33, 2476) (comp. Ethyl Hydrogen Peroxide, p. 129). 
Di-isobutyl Ester, b.p.^g 134°, and DUisoamyl Ester, b.p.i2 150®. are prepared from 
the respective sodium carboxylates and SOgClj (C. 1903, II. 937). 

2. The primary esters or ether-acids are produced (i) when the 
alcohols are mixed with concentrated sulphuric acid : 

SO,{OH),+C,H,.OH=SO,<g^**^»+H,0. 

The reaction takes place only when aided heat, and it is not complete. 
The reaction proceeds to completion if the alcohol be dissolved in very little 
sulphuric acid, and SO3 in the form of fuming sulphuric^acid be then allowed to 
act on the well-cooled solution (B. 28, R. 31). To isolate the ether-acids, the 
product of the reaction is diluted with water and boiled with an excess of barium 
carbonate. In tMs way the unaffected sulphuric acid i^ thrown out as barium 
sulphate ; the banum salts of the ether-acids are soluble and crystallize out when 
the solution is evaporated. To obtain the acids in a free state their salts are 
treated with sulphuric acid dr the lead salts (obtained by saturating the acids 
with lead carbonate) may be decomposed by hydrogen sulphide, and the solution 
allowed to evaporate over sulphuric acid. 

Secondary alcohols, also, by cart ful cooling cf the reacting bodies, are capable 
of forming ether sulphuric acids — e.g. ethyl propyl carbinol (B. 26, 1203) ; tertiary 
alcohols behave similarly (C. 1897, II. 408). 

(2) The ether-acids also result from the union of the alkylenes with concentrated 
sulphuric acid. 


Properties . — ^These esters are thick liquids, which cannot be distilled, 
but which sometimes crystallize. They dissolve readily in water and 
alcohol, but are insolubie in ether. 

(i) When boiled or warmed with water they break down into 
sulphuric acid and alcoliol ; 

S0,<°i^‘"‘+H,0=H,S0.+C,H,.0H. 


( 2) When distilled, they yield sulphuric acid and alkylenes (p. 83). 
3) y/herf heated with alcoliols, simple and mixed ethers (p. 126) 
are produced. 

They show a strongly acid reaction, and furnish salts which dissolve 
quite readily in water, most of them crystallize readily. The salts 
gradually change to sulphates and alcohol when the}^ are boiled 
with water. The alkali salts are frequently applied in different 
reactions. Thus with KSH and K 2 S they yield mercaptans and thio- 
3thers (p. 143) : with salts of fatty acids they furnish esters, and with 
KCN the alkyl cyanides, etc. 


Methyl Sulphuric Acid, S04(CH3)H, is a thick oil. 

Ethyl Sulphuric Acid, S04(C2H6)1I, is obtained b^ mixing i part alcohol with 
2 parts concentrated sulphuric acid, and forms the basi'-.^ of the Mixt. sulf. acida 
(Ph.G.): potassium salt, 804(02!'^ 5) K. is anhydrous, and crystallizes in plates: 
barium and calcium salts crystallize in large ta?ble|s with two molecules of 
H2O each (A. 218, 300). 

/och\ 

The chlorides or chloranhydrides of the ether sulphuric acids f SOa<Q * • 

called chlorosulphonic esters, result (i) by the action of sulphuryl chloride on 
the alcohols (C. 1903, II. 936 1905* I- 14) • 

C,H,.OH +SO,Cl,=SO,<®j^*®»+HCl ; 

Chloride of Ethyl 
Sulphuric Acid. 
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(&) by the action of PCl^ on salts of the ether acids ; (3) by the union of the 
olefines with Cl.SOaH ; (4) by the union of SO, with the chloro-alkyls ; and (5) by 
the action of SO, on the esters of h}rpochlorous acid (B. 19, 860) : 

so,+ao.c,H,=so,<^*^^jj^ 

They are liquids possessing a penetrating odour. Cold water decomposes them 
slowly into the alkyl sulphuric acids. The same result accompanied by a violent 
evolution of chlorcthane is brought about by alcohol. Sodium alcoholates 
of chlorosulphonic esters unite to form compounds which break down, giving rise 
to normal sulphonic ester, ether, sodium alkyl sulphate, and sodium sulphate. 
Aniline and phenols (Vol. 11 .) are alkylized by chlorosulphonic ester ; sodium 
malonic ester and sodium acetic ester are chlorinated (C. 1905, 1 . 13). 

Chloride of Ethyl S.ulphurid Acid, C,Hj.O.SO,Cl, b.p.j, 52®; Dig = 1*263. 
Methyl Sulphuric Chloride, CHa.O.SOgCl, b.p. 132®. 


E. ESTERS OF SULPHUROUS ACID 

The empirical formula of sulphurous acid, H2SO3, may have two 
possible structures : 

" HSOj.OH. 

5yn].-Sulphurou<i Acid. unsym. -Sulphurous Acid. 

The ordinary sulphites correspond with formula 2, and it appears 
that in them one atom of metal is in direct combination with sulphur : 

Ag.SOg.OAg K.SOg.OH. 

Silver Sulphite. Prim. Potassium Sulphite. 

Silver sulphite, AgS02.0Ag, when acted on by iodoethane, yields 
the ethyl ester of ethyl sulphuric acid, C2H5.SO3.C2H5, which loses 
an ethyl group when treated with potassium hydroxide, and yields 
ethyl sulphuric acid, C2H5.SO3H, the oxidation product of ethyl 
mercaptan, C2H5SH. The sulpho-acids and their esters, which must be 
viewed as esters of unsymmetrical sulphurous acid, wiP be described 
after the mercaptans. 

The esters of symmetrical and unsymmetrical sulphurous acid are closely 
connected, as the following shows. 

If SOg is passed into a solution of sodium or potassium alcoholate, or SO, 
and NHj into absolute alcohol, there are obtained unstable salts of alkyl sul- 
phurous acid-~CH,O.SOgNa, CgHgO.SOgK, CgHjO.SOgNa, CgHgO.SOjNH,, 
which easily lose SO, (B. 38 , 1298; C. 1902, II. 930). These salts are isomerio 
with the very stable alkyl sulphonic acid esters (p. 14^)- If sodium ethyl sulphite 
is heated with iodoethane or sodium iodide in alcoholic solution, it is converted 
into the double salt of sodium ethyl sulphonate with sodium iodide. 

The dialkyl esters of symmetrical sulphurous acid are prepared by the action 
of thionyl chloride SOCl, 6r sulphur chloride on the alcohols : 

SOClg +2C,HgOH =SO(OC,Hg),, +2HCI. 

SgCl, -f-3CaIf gOH =SO(OC,Hg) -f C,H,SH +2Ha. 

The mercaptan which is formed undergoes further change. 

The dialkyl sulphites are liquids, insoluble in water, having an odour of pepper- 
mint. They are isomeric with the corresponding esters of the alkyl sulphonic 
acids. It is remarkable that aqueous solutions of alkali hydroxides only 
hydrolyze the sulphites with difl&culty, whilst the prolonged action of a cold con- 
centrated solution partially converts ^em into alkyl sulphonic acids ; a change 
which is also brought about by potassium iodide (see above) (B. 88, 1298). 

Dimetbyl Solpliaroill Eiter, SO(O.CHg)g, Dimethyl Sulphite^ b.p. xax®. 
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Utflijl Snl^e, S 0(0 C,HJ„ b p. 161*. l 5 , =r i’io6, 18 converted by pa, into 
the chloride, SO<^q ^ P* *22®, which is easily decomposed by water into 

alcohol, SOj and HCl. It i& isomeric with ethyl sulphomc chloride fn. iai) Di* 
propyl Sulphite, 191®. 


F. ESTERS OF HYPOCHLOROUS AND PERCHLORIC ACIDS 

I 

The Esters of hypochloroiis acid, HCIO, aie formed by mixing the free aad 
with alcohols They are pungently-smellmg, explosive liquids (B 18 , 1767, 
1®* ®57)* from which the explosive esters of perchloric acid are obtained by the 
action of lodo al\yls on the silver salt 

Methyl Hypochlorite, bp 12® , Ethyl Hypochloilte, b p q6® 

On the behiviour of alkyl hvpochlorates and SO*, see p 140, and with 
KCN, see chlonmidocarbomc ester 


G ESTPRS OF BORIC ACID, ORTHO-PHOSPHORIC ACID, SYM -PHOS- 
PHOROUS ACID, ARShNIC ACID, SYM ARSENIOUS ACID, AND THE 
SIT 1 C IC ACIDS , 

These esters are obtained by the action of BCl 3 BgO, POCI3, PCI, AsBr,, S1CI4, 
S13OCI, on alcohols and sodium alcoholatcs Alkali hydroxides hydrolyze 
them with the production of alcohols and alkali silts of the respective inorganic 
acids Most of them are decomposed entirely or in part by water 
Methyl Borate, B(OCHs),, bp 65®, and 

Ethyl Borate, B(OC2H,)„ bp 119°, both burn withagieen flame (C 1898, II 
1243) 

Ethyl Phosphate, VO{OCill^o bp 211® (C 1900. I 102) 
ethyl Pho^Ohite P( 0 ( Ila), bp 111°, and 
sym.,~ Ethyl Phosphite P(OC8H5), bp 156®, result fiom the action of PCI3 on the 
corresponding sodium alcoholate solution 1 *C 1 , and alcohols yield mainly 
Dtalhy I esters of unsym -phosphoroui ac^d I IPO (OR) , which can also Dc obtained 
from the symmetrical trialkvl esters by the action of water or hydrochloric acid. 
The latter are isomerized by lodo alkyls into alkyl pkospho-aetd esters (comp. 
P 175) ^^th the intermediate formation of addition pioducls (comp, sulphurous 
acid esterd) : 

HPO(OR),-^ P(OR), >RPO(OR), 

Cuprous halides also form addition compounds with the tnalkyl phosphorous 
acid esters (C 1903* II 22, iqo6, II 1630, B 38, 1171) 

Ethyl Arsenate, AsO(OC, 115)3, b p 235®, is prepared from silver arsenate and 
lodoethane 

s\m -Ethyl Arsemte, As{OC2Hi) 3 bp 166® 

For Phospho- and Phosphimc acids and the corresponding compounds of 
arsenic, comp the Phosphorus bases and Arsenic bases. 

Methyl Orthosilicate, Si(OCH,)4, b p 120-122®. 

Ethyl Orthosilicate, Si(OC,?l5)4, b p 165®. 

Ethyl Disihcate, Si,0(0C2H5)«, b p 23b® • 

Ethyl Metasilicate, SiO(OC,H|^„ b p 360® (approximately) 

The silicic esters bum with S brilliant white flame The ortho and meta- 
silicic esters correspond with the o- and m- or cfdiyary carbonic acid esters: 
C(0C,H5)4 and CO(OC3H5)3 

The oitho formic esters H( (OR), correspond with the o-sihcoformic esters, 
HSi(OR)„ which are produced from silicon chloroform, SiHCl, (sec Inorganic 
Chemistry) and the alcoholb Ethyl o-Sihcoformate HSi(OC,Hb) 3 bp 134®, 
Propyl o-Sihcoformate, b p. 192®, D = o 885 These esters yield silicon hydnde 
when heated with sodium (B 38 , z66x). 



142 


ORGANIC CHEMISTRY 


3. SULPHUR DERIVATIVES OF THE ALCOHOL RADICALS 

The hydrosulphicles and sulphides correspond with the metallic 
hydroxides and oxides, wliilst the sulphur analogues of the alcohols 
and ethers are the thio-alcohols, mercaptans, or alkyl hydrosulphides, 
and ihio-eihers or alkyl-sulphides, and the alkali polysulphides find 
their analogues in the alkyl polysulphides : 


HI 

HJ 

[o: 

Nai 

Hi 

[O; 


Na] 

NaJ 

[O: 

C,HJ^ 

HI 

HJ 

[S; 

Nal 

.HJ 

[S; 

Hr’ 

Nal 

Naj 

[s: 

^2^1 sic 





Ethyl Hydrosulphide. 



Ethvl Sulphide. 






Na' 

\c . 







N.'v 

p2. 



j A. Mercaptans, Thio-alcohols, or Alkyl Hydrosulphides. — Although 
the mercaptans closely resemble the alcohols in general, they 
are differentiated in that the hydiogcn, which in the alcohols is 
replaceable by the alkali metals, is in the mercaptans also to be sub- 
stituted by the heavy metals. The mercaptans react very readily 
with mercuric oxide, to form cr3’stalline compounds : 

2CaH5.SH+Hg0 = (CaH5.S)aHgH-H,0. 

Hence their designation as mercaptans (from mcrcurium captans). 
The metal derivatives of the mercaptans arc termed mcrcaptides. 


Methods for their formation : 

(1) By the action of the alkylogens on potassium hydrosulphide in alcoholic 
solution : 

CjIIgCl -h KSH =CaH5.SH + KCl. 

(2) By distilling salts of the sulphuric esters with potassium hydrosulphide 
or potassium sulphide (see p. 139) : 

SO,<°-^»”'4KSH-CjHj.SH + K,SO.. - 

The neutral esters of sulphuric acid — e.g. SO^(O.C2hi^2 (p. 139) — also yield 
mercaptans when heated with KSH. * 

(3) A direct replacement of the oxygen of alcohols and ethers by sulphur may 
be efiected by phosphorous sulphide : 

SCaHjOH + P.Ss-sCaHs.SH-f-PaO,. 

(4) By reduction of the chlorides of the sulphonic acids {q.v .) ; 

C2H5.SO jCH-6H =C,H jSH -hHCl +2HaO. 

This reaction recalls the reduction of the acid chlorides to primary alcohols 
{p. 104). w 

i 

Properties and Reactions of the Merc^tans. — The mercaptans are 
colourless liquids, moslly*insoluble in water, and possess a disagree- 
able, garlic-like odour. 

(1) Moderate oxidatioiT with concentrated sulphuric acid, sulphuryl chloride, 
or iodine converts the mercaptans or mercaptides into disulphides (p. 144). The 
reaction with iodine permits of these substances being titrated (B. 89 , 738). 

(2) When oxidized with nitric acid, the mercaptans yield the sulphonic acids. 
Conversely, the mercaptans result by the reduction of the sulphonic acids. 



SULPHUR DERIVATIVES OF THE ALCOHOL RADICALS 143 

(3) By their union with aldehydes and’ ketones there result mercaptals and 
mercaptols — e.g. CHgCH (802115)2, (CHj)jC(SC2H5)2 — ^which will be treated at < 
the conclusion of the aldehydes and ketones 

(4) The mercaptans unite more or less easily to an ethylene linkage, form- 
ing sulphides (B. 88> 646). 

Ethyl Mercaptan, C2H5.SH, b.p. 36® ; D20 = 0*829. is the 

most important and was the first discovered mercaptan (1834, Zetse, 
A. 11, i). Despite its revolting odour, it is technically made from ethyl 
chloride and potassium sulphydrate in the preparation of sulphonaL 
It is but slightly soluble in water ; readily lA alcohol and ether. 

Mercury Mefcaptide (C2H5.S)2Hg, m.p. 86°, crystalli2,es from alcohol 
in brilliant leaflets, and is only slightly soluble in water. When 
mercaptan is mixed with an alcoholic solution of HgCl2, the compound 
C2H6.S.HgCl is .precipitated. The potassium andj^ sodium compounds 
are best obtained by dissolving the metals in mercaptan diluted with 
ether ; they crystallize in^wliite needles. 

Methyl Mercaptan, CHiSH, b.p. 6°; n-Buiyl Mercaptan b.p. 98®: 

n-Propyl Mercaptan b.p. 68®; Allyl ^lercaptan, C3H5SH, b.p. 90®. 

Isopropyl Mercaptan b.p. 59°; 

Methyl Mercaptan is formed during the fermentation of proteins (B. 34 , 201). 

n-Butyl Mercaptan is found in secretions of the stink- badger of the Philippines 
{Myd’dus Marchei Huet) (Pharm. Centralhalle, 1896, No. 34). 

B. Sulphides or Thio-ethers are obtained like the mercaptans : 

1. By the action of alkylogens on potassium sulphide. 

2. By distillation of salts of the ethyl sulphuric acids with potassium 
sulphide. 

3. By the action of P2S5 on ethers. 

4. On heating the lead inorcaptidcs : 

I. 2C2H3Cl-t-K2S = (C2H5)2S-f2KG. 

* . 2 . 2SO,<2k»^‘+K,S =(C,H,)sS+ 2 K.S 04 . 

3 * 5 (^aH 5)20 + P 2 S 5 ~ 5 (C 2 ^‘l 6 ) 2 S"hP 206 . 

4. . • (C2H5S)2Pb -(CaHjlaSH-PbS. 

Further, by the interaction of alkyl halides with potassium or 
sodium mercaptides, when mixed thio-ethers arg also produced : 

5. ( 'glljiSN a +C2H6l = (02115)28 -fNal 
021158X11 -|'C2H7l — C2H5.S.C3H f -}-NaI. 

Methods i, 2, and 5 are analogous to those used in the preparation 
of the corresponding ethers. « 

« 

The sulphides, like the mercajitans, are colourless liquids, insoluble in water, 
but easily soluble in alcohol and ether. When impure their odour is very dis- 
agreeable, but is ethereal when pure (B. 27 , 1239). • 

Reactions , — The sulphides are characterized by their additive power, (i) They 
unite with Br 2, and (2) with metallic chlorides — e.g. (C2H5)2S.HgCl2.[(C2H5)a8]2 — 
PtCU (C. 1900, I. 280 ; igor, II. 184) ; (3) also with io&o-alkyl to form sulphine 
iodides (p. 145) ; (4) they are oxidized to sulphoxides (p. 145) and sulphonea 
(p. 145) by nitric acid. 

Methyl Sulphide, (CHa)2S, b.p. 37*5*- 

Ethyl Sulphide, (C,H,) A b.p. 
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. n-Propyl SuipMie, (C,H,),S, b.J>. 130-135* ; n-BtOyl Suiphid0, b.p. i8a*; 

^Isobuiyl Sulphide, [(CHJ,CH.CHJ,S. b.p. 173*; Cetyl Sulphide. (C„H,j,S. 
m.p. 57*. 

The sulphides of vinyl and allyl alcohols occur in nature. They are far more 
important than the sulphides of the normal alcohols, particularly allyl sulphide. 

Vinyl Sulphide, (C2H3)aS, b.p. loi®; D =0-9125, is the principal ingredient 
of the oil of Allium uystnum, and is very similar to allyl sulphide. It forms 
(C2H3Br2)2SBr2 with six atoms of bromine. Silver oxide changes it to vinyl 
ether (p. 129) (A. 241 , 90). 


Allyl Sulphide, (€3115),$, b.p. 140®, may be prepared by digesting 
allyl iodide with potassium sulphide in alcoholic solution. It is a 
colourless, disagieeable smelling oil, but slightly soluble in water. 
It forms crystalline' precipitates with alcoholic solutions of HgCl2 
and PtCl4. With silver nitrate it yields the crystalline compound 
(C3H5)2S.2AgN03. . ^ • 

The early statement of Wertheim that allyl sulphide is to be found 
in garlic, has not been substantiated ; it * is the disulphide which 
occurs there (C. 1892, II. 833). 

Allyl mustard oil is pro,(luced by heating the mercury derivative 
with potassium thiocyanate. Vinyl mustard oil is prepared in an 
analogous manner. 


C. Alkyl Disulphides are produced (i) like the alkyl monosulphides by 
distilling salts of the ethyl sulphuric acids or alkylogens with potassium 
disulphide (C. 1901, I. 1363) ; (2) by the action of iodine on racrcuptans, or con- 
centrated sulphuric acid on mercaptides (B. 39 , 73S) ; (3) by the action of 
sulphuryl chloride on the mcrcaptans : 

1 . +K,S, =(C,H,),S, + 2 K,S 0 ,. 

2. 2C,H,SH+Is=C,U,S-S— C jHj+zHI. 

3. 2C,H,SH+SOjCla=(C,H.),S,+SO,4-2HCl. 


When bromine acts on a mixture of two mercaptans, mixed alkyl disulphides 
are produced (B. 19 , 3132). Nascent hydrogen reduces the alkyl disulphides to 
mercaptans, whilst zinc dust converts them into zinc mercaptides ; * 

(C,H,)*S2-f Zn-(CaH5S)2Zn. , 


Mercaptides result on heating the disnlphukis with potassium sulphide (B. 19 , 
3129) ; magnesium alkyl halides produce sulphides and mercaptides (C. 1906, I. 
1244), and dilute nitric acid changes them to alkyl thiosulphonic esters (p. 147). 

Methyl Disulphide, (02113)282, b.p. H2®, and Ethyl Disulphide, (0.2112)282, 
b.p. 151^ are oils possessing an odour like that of garlic. 

Allyl Disulphide, (03112)282, b.p.jg 117®, occurs with closely connected poly- 
sulphides in garlic, A Ilium “sativum ( 0 . 1892, II. 833). The name allyl ** is 
derived from this. 

D. Sulphine or Sulphonium Compounds (B. 27 , 5 '^5 Anm.). (i) The sulphides 
of the alcohol radicals (thfo-ethers) combine with the iodides, bromides, and 
chlorides of the alcohol radicals at ordinary temperatures, more rapidly on 
application of heat, and form crystalline compands : 


(C,H3)2S-hC2H5l=(C,H^5)3SI. 

Triethyl Sulphoniuni Iodide. 


These are perfectly analogous to the halogen derivatives of the strong basic 
radicals. By the action of moist silver oxide the ^lalogen atom in them may be 
replaced by hydroxyl, and hydroxides similar to potassium hydroxide are formed ; 


(C,H J . 81 + AgOH = (C^Hj) ,S. 0 H + Agl . 
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(2 ) The sulphine or sulphonium halides are also obtained on heating the salphiig 
ethers with the halogen acids, and (3) the alkyl sulphides with iodine (B. 26, 
R. 641) : 

2(C*H5)3S-fHI = (C*H,),SI+C,HjSH. 
4(CH,)aS+Ia==2(CH3),SI + (CH3)2S8. 

(4J The acid chlorides react similarly to iodine. 

(5) action of iodomcthane on metallic sulphides : 

SnS+3CH3l=Snl3+(CHa)3SI. 


By heating together sulphur and iodomethane to i8o® there is formed 
(CH 3)381.1 3 an iodine addition product of trimethyl sulphonium iodide. Similar 
compounds are obtained with selenium and tellurium (C. 1904, 11 . 414). 

Often when the iodoalkyls act on the sulpludes of higher alkyls the latter are 
displaced (B. 8, 825). ^ 

(C3Hg)aS.CH3l and ^^®>S.C3H5l are not isomeric (in which case a difference 

of the 4 valences of S would be proved) but identical (Bji 22 , R. 648). 

The sulphonium hydroxides are crystalline, efflorescent, strongly basic bodies, 
readily soluble in water. l.ike the alkalis, they precipitate metallic hydroxides 
from metallic salts, set ammonia free from ammoniacal salts, absorb CO 3 and 
saturate acids, with the formation of neutral salts : 


(C3H3)3S.0H+HN03={CaHff)3S.N03+H30. 

We thus observe that relations similar to those noted with the nitrogen group 
prevail with sulphur (also with selenium and tellurium). Nitrogen and phos- 
phorus combine with four hydrogen atoms, also with alcoholic radicals, to form 
the groups ammonium, NH4, and phosphonium, PH4, which yield compounds 
similar to those of the alkali metals. Sulphur and its analogues combine in like 
manner with three univalent alkyls, and give sulphonium and sulphine deriva- 
tives. Other non-metals and the less positive metals, like lead and tin, exhibit a 
perfectly similar behaviour. By addition oi hydrogen or alkyls they acquire a 
strongly basic, metallic character (sec the mctallo-organic compounds and also 
the aromatic iodonium bases, Vol. II.). 

Trlmethyl Sulphonium Iodide, (€113)381, is readily soluble in water, but is 
soluble with difficulty in alcohol, from which it crystallizes in white needles. At 
215® it breaks down directly into methyl sulphide and iodomcthane. Platinic 
chloride precipitates, from solutions of the chloride, a chloroplatinate. 
[(0113)3801] 2.PtCl4, very similar to ammonium platinum chloride. Trin?ethyl 
Sulphonium Hydroxide, (0113)38011, consists of deliquescent crystals possessing a 
strongly alkaline reaction. 

Oonsult B. 24 , R. 90b, lor the refractive power and the lowering of the 
freezing point of siyphihc compounds. 


E. Sulphozides and Salphones, as mentioned (p. 143), result from 
the oxidation of the sulphides with nitric acid : 


C,H.. 
C,H.>S - 

Ethyl Sulphide. 


■> c:S:>so - 

Ethyl Sulphoxidc. 


Ethyl Sulphone. 


The sulphoxides may be compared with the ketones. Nascent hydrogen reduces 
them to sulphides. Methyl and Ethyl Sulphoxides arc thick oils, which combine 
with nitric acid : (Cll3)aS0.11N03. Barium carbonate’liberates the sulphoxides 
from these salts. Methyl Sulphoxide is also formed when silver oxide acts upon 
methyl ^ulphohromide, (CH3)2SBrg. • • ... 

The sulphones, obtained from the sulphoxides by means of fuming nitric acid, 
or by oxidation with potassium permanganate, may also be regarded as esters 
of the alkyl sulphinic acids (q.v.), because they can ba prepared from salts of the 
' latter through the action of iodoalkyls : 

C,H,.SD,K+C,H,I =c|hJ>SO» + 

However, they are not true esters, but compounds, characterised by great 
VOL. 1. L 
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(stability, in which both alcohol radicals are linked to sulphur. They cannot be 
reduced to sulphides. 

Methyl Sulphone, (CH,).,S02. m.p. 109®; b.p. 238®. 

Ethyl Sulphone, (CjHjjaSOj, m.p. 70®; b.p. 248®. 

ALKYL SULPHONIC ACIDS, ALKYL THIOSULPHURIC ACIDS, ALKYL 
THIOSULPIIONIC ACIDS, AND ALKYL SULPHINIC ACIDS 

These compounds have the general formulae : 

R.SOjOH RS.SDjH R.SO,SH R.SO,H 

CjHj.SO.OH C,H,S.SOjH C,H,.SO,SH C,H,.SO,H. 

Ethyl Sulphonic' Ethy’ Thiosulpwuric Ethyl Thio^ulphoaic Ethyl Sul phinic 
Ariel. Acid. Acid. Acid. 

F. Sulphonic Acids. 

The sulpho-acids or sulphonic acids contain the sulpho-group — SO2.OH — 
joined to carbon. This is evident from their production by the oxidation of the 
mercaptans, and from their re-conversion into mercaptans (p. 142). They can 
be considered as being ester derivatives of the unsymmetrical sulphurous acid, 
HSOaOlI (p. T^o). 

Formation. — (i) Their salts result from the interaction of alkali sulphites and 
alkyl iodides ; their esters are forfned when alkyl iodides act on silver sulphite : 

K.S020K+CaH5I-=CJH5.S0a0K-^KI. 

Potassium Ethyl Sulphonate. 

Ag.SOjOAg+2C,HsI=C,H,.SO,OC,H,+2AgI. 

Ethyl Sulphonic Eihyl Ester. 

All the esters of sulphurous acid, both sulphite, ROSO^K, and sulphonic 
esters, (KOlgSO. when heated with K 1 form sulphonic acid double salts of the 
type (RSOsK)4KI. 

(2) By oxidation of {a) the mercaptans; (b) the alkyl disulphides ; (c) the 
alkyl thiocyanates with nil ric acid : 

CaHaSHl 

[CallgSla —O—^CallaSOaH. 

CaH5S.CN I 

(3) The alkyl sulphinic acids are readily oxidized to sulphonic acids. 

(4) ’ The sulpho-acids can be formed further by the action of sulphuric acicl or 

sulphur trioxide on alcohols, ethers, and various other bodies, reaction 

is very common with benzene derivatives and proceeds without difficulty. 

Properties and Reactions. — These ticid-s are thick liquids, readily soluble in 
water, and generally crystallizable. They undergo decoiAposition when exposed 
to heat (B. 38 , 2019), but are not altered when boiled with alkali hydroxides. 
When fused with solid alkali hydroxides they break up into sulphites and alcohols : 

CjHj.SOg.OK d- KOH = KSO2.OK d-CjHB.OH. 

PCI, changes them to chlorides, — e.g. CaHj.SOgCl, — which are reduced to 
mercaptans by hydrogen ; and by the action of sodium alcoholatcs they pass 
into the neutral esters — CaH5.SOa.CjH, (p. 13^). 

Many of these reactions plainly indicate that in the sulphonic acids the sulphur 
is directly combined with the alkyl groups, and that very probably, therefore, in 
the sulphites the one metallic utom is directly united to sulphur. The sulphonic 
esters boil considerably higher than the esters of symmetrical sulphurous acid 
(p. 140). Whilst alcoholic potassium hydroxide cAi verts the latter into potassium 
sulphite and alcohol, alkali solvtions act only with difficulty and with the partial 
production of salts of alkyl sulphonic acid ; in the sulphonic esters the alkyl group 
which is not directly combined with sulphur is readily removed by hydrolysis. 

Methyl Sulphonlo Acid, CHjSOaH, was synthetically prepared by Kolhe 
in 1845 from carbon disulphide, by converting it by means of moist chlorine 
into the chloride of tricMoromethyl sulphonic acid, CCljSOaCl, and this into the 
acid itself, which is reduced by sodi um amalgam ' to methyl sulphonic acid 
(A. 64, 174) : 

C+2S=CSa > CCla-SDaCl y CCl,.SO,H ^ CHa.SO,H, 
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Methyl SutphoMofide CH,SO|Cl, b.p. x6o"; Ethyl Sulpkonate, b.p.» 86^^ 
Methyl Sulphonic Anhydride (CHjSOJjO, m.p. 71®, b.p.j® 138® (B. 88» 2018). 

Ethyl Sulphonle Aeld, CsHg.SOgH, is oxidized by concentrated nitric add to 
ethyl sutphufic acid, OJtifi. SO lead salt, (CjHj.SOajjPb, is readily 
soluble; methyl ester, CjHjSOjCH,. b.p. 198®; ethyl ester, C,Hg.S08.CaHsi 
b.p. 213*4®; sulphochloride, CjHj.SO.Cl, b.p. 177®. 

Ethylene Sulphonle Acid, Vinyl Suiphonic acid, CHs^CHSOsH, is obtained 
from ethane disulphochloride, by the action of water and alcohol. Its ammonium 
salt, m.p. 156®, reduces alkaline permanganate instantaneously, and combines with 
ammonium hydrogen sulphite to form ammonium ethane disulphonate (C. 1898, 
II. 1009 • 1899, I. 1104). Ethylene Sulphone Anilide, GHj ; CHSOaNHC.H,, and 
Propylene Sulphone Anilide, CH,CH : CHSOaNHCyHii, are obtained from the re- 
spective a and )8-alkyl disulphochlorides and aniline with the separation of SO, 
and HCl, which takes place even at o® (B. 86, 3626). • 

G. Alkyl Thl' sulphuric Acids. 

(z ) The well-crystallized alkali salts of these acids are made by acting on 
alkali thiosulphates with primary saturated alkyl iodide (B. 7 , 646, 1157) or 
bromide (B. 26 , 996). 

CjH.l 4 -NaS.SO,Na=C*H 6 S SO,Na+NaI. 

Sodium ethyl thiosulphate is called Eunices salt, after its discoverer. (2) It 
also results when iodine acts on a mixture of^sodiuin mercaplidc and sodium 
sulphite : 

Can5SNa+NaS03Na+l8=C2ll5S.S03Na+2NaT. 

The free acids are not stable. Mineral acids convert sodium ethyl thiosulphate 
into mercaptan and mono-sodium sulphate. Heat breaks down the salts into 
disulphides, neutral potassium sulphate, and sulphur dioxide. Elcctroylsis of 
Bunte's salt give lise to diethyl disulphide (C. 1901, I. 331). 

H. The Alkyl Thlosulphonlc Acids. • 

These acids are only stable as salts and esters. They are formed by the action 
of the chlondes of sulpho-acids on potassium sulphide : 

Calls SOjCl-f-KaS-CjIIs.SO^SK + KCl. 

The esters, R.SOgSR, of this new class were formerly called alkyl disulphoxides, 
RaSgOa, and are obtuned (1) from the alkali salts by the action of the dlkyl 
bromides (B. 123): 

* CaHj.SOa SK f C,H 3 Br=CaH 5 .S 03 .SC 2 H 5 +KBr ; 

and (2) by the oxidation of mcrcaptans and alk^d disulphides with dilute nitric 
acid: (C2H5)aSa-l-05-=.CaH5.S02.SCaH3. These esters are liquids, insoluble in 
water, and possessed of a disgusting odour (B. 19 , 1241, 3131). Ethyl Thlo- 
sulphurio Ethyl Ester, CaHj.SOa-S.CaH,, b.p. 130-140®. 

I. Alkyl Sulphlnic Acids The hydrosulphites (see Inorganic Chemistry) can be 
looked upon as being salts of a mixed acid anhydride of sulphurous acid and a 
hypothetical Sulphoxyhc acid, whereby the two following structural formulae are 
possible : 

Replacing one hydrogen atom, th^ sulphinic acids result, e g., 

(i)C,H,S<gjj ot (2) 

The true alkyl sulphinic esters are derived from the first formula, whilst the 
sulphonescan be referred to the second formula (p. 145). The sulphinates are 
produced as follows ; 

(zl By the oxidation of the dry sodium mercaptides in the air. 

(21 When SO, acts on the zinc alkyls, or magnesium alkyl halides ; or when 
SO, Cl, acts on magnesium alkyl halides (B. 87 ^ 2x52 ; C. 1905^ 
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c f3) When zinc acts on the chlorides of the sulphonic acids 

(1) C,H5SNa+20=C,H5S0,Na. 

(2) (C2H 5) ,Zn +2SOj = (CaH.SO J ,Zn. 

2C,HgMgI+S0aCla=C,H5S08MgI+C,H5Cl+MgICl. 

(3) 2C2H sSOoCl + 2Zn = (C.HjSOa) 2Zn + ZnClj. 

The sulphones (p. 145) arc produced in the action of iodoalkyls on the 
alkali sulphonatcs, whilst the Yeal esters result from the etherification of the acids 
with alcohol and hydrochloric acid, or by the action of chlorocarbonic esters on 
the sulphinates (B. 18, 2493) : 


R.S02Na-fCl.C02R=R.S0.0R+C0a-|-NaCl. 

When these esters are hydrolyzed by alcohol or water they break down into 
alcohol and sulphinic acid, whilst the isomeric sulphones are not altered. The 
free sulphinic acids arc not very ‘stable. They rapidly dissolve in water and are 
oxidized to sulphonic acids. Potassium permanganate and acetic acid convert 
the sulphinic esters into sulphonic esters (B. 19, 1225), whereas the isomeric 
sulphones remain unchanged. 


4. SELENIUM. AND TELLURIUM COMPOUNDS 

These are perfectly analogous to the sulphur compounds. 

Ethyl HydroselenidejCjlIj.SeU, is a colourless, unpleasant-smelling, very mobile 
liquid. It combines readily with mercuric oxide to form a mercaptidc. 

Ethyl Selenide, (CaH 5)3^0, b.p. 108°, is a heavy, yellow oil. It unites directly 
with the halogens, e.o, (Call 5)28601 3. It dissolves in nitric acid w’th formation 
of tlic oxide, (03115)2820, which yields the salt. (C2H5)2Se(N05)a. Ethyl selenite, 
SeOfOCjHfi),, b.p. 184°, with slight decomposition, is prepared from selenyl 
chloride and sodium ctlioxide, or from silver selenite and iodo-ethane. These 
reactions demonstrate that the selenites have the constitution ScO(OMc)2, and 
that selcnious acid is a true di hydroxy-acid (A. 241, 150). 

Tellurium mercapians arc not knowp. Methyl Telluride, (0n3)2Te, b.p. 
80-82°, and Ethyl Telluride. (CjHgjjTe, b.p. i37’5°, are obtaine<l by dis- 
tilling oarium alkyl sulphate with potassium telluride. They are heavy, 
yellow oils. The following compounds are derived from them : (CH3)2TeO, 
(CH2),TcCl2. (0H3)2Te(NO3)2. (OH3)3TcI, (CH3)3Tc.OH, etc. 

Dimethyl Tellurium Oxide. (CIl,)2TeO, is a crystalline efflorescent compound, 
resepibling, in its basic properties, CaO and PbO. It reacts strongly alkaline, 
expels ammonia from ammonium salts, and neutralizes acids. 


5. NITROGEN DERIVATIVES OF THE ALCOHOL RADICALS 

A I. MONONITRO-PARAFFINS AND OLEFINES, HALOGEN MONONITRO- 

PARAFFINS 

By nitro-bodies are understood compounds of carbon in which the 
hydrogen combined w'ith the latter is replaced by the univalent nitro- 
group, NO2. The carbon is directly united to the nitrogen, as is shown 
by the reduction of the nitro-derivatives yielding amido-compounds : 

RiN02-f6H=R.NH,+2H20. 

In the aromatic series the hydrogen g,toms of the benzene nucleus 
are readily replaced hy^ nitro-groups, e.g, : 

C,H2-f-N0a0H=C,H3N0a+H20. 

Nitrobenzene. 

Comparative refractoifietric investigations have shown that the nitro-group in 
nitroethane, and that in nitrobenzene, do not have the same structure (Z. ph. Ch. 

552). See B. 28 , R. 153, for the heat of combustion of the nitro-paramns. 

(i) Normal paraffins are very stable towards nitric acid (p. 77), 
and ue only acted on after prolonged heating at 130-140° with 
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the dilute acid, whereby substitution products result [Konowalow. 
B. 26, R. 108 ; B. 28, 1863 ; C. 1898, I. 926 ; 1899, 1. 966, 1063 ; 
1902, 1. 564 ; 1906, II. 312). 

Experience shows that, amongst the fatty bodies, the hydrogen 
atom which is attached to a tertiary carbon atom is more easily replaced 
by the nitro-group than that which is attached to a secondary carbon 
atom, and this, in turn, more easily than one attached to a primary. 
Amongst secondary compounds, that liydibgen is the more easily 
replaced if its carbon atom is connected t^ a tertiary radical. Mark- 
ownikoff has expressed this in the following rule : In hydrocarbons 
that hydrogen is always more easily replaced when attached to a 
carbon atom which is affected by other carbon atoms (B. 33, 1907). 

(2) A common method for the preparation of the mononitro- 
derivatives of fatty hydrocarbons — ^the nitro-naraffins — consists in 
heating the iodides of the alcohol radicals with silver nitrite (F. Meyer, 
1872) (A. 171, 1 ; 175, 88 ; 180, in) : 

CaHJ + AgNOa -CaHs.NO, + Agl. 

The isomeric esters of nitrous acid, sucli CjHj.O.NO, are formed in this 
reaction (B. 15 , 1547)- From this wo would infer that silver nitrite conducted 
itself as if apparently consisting of AgNOg and Ag.O.NO. Potassium nitrite 
does not act like AgNO, (see Mode of Formation 3) (C. 1907, I. 235). It would < 
appear that the formation of esters is influenced by the production of alkylens, 
wluch afterwards form esters by the union with UNO, (A. 180 , 157; B. 9 , 529). 
Possibly the alkylogens unite directly with the nitrogen, or in consequence of 
an opening-up of the double N—O union. 

(3) Simultaneously with the discovery of method 2, Kolbe demonstrated that 
nitromcthanc resulted from the action of potassium nitrite on chloracetic acid. 
The first product in this instance was nitroacetic acid, wliich broke down into 
carbon dioxide and nitromcthanc (J. pr. Ch. [2] 5 , 427) : 

CH,Cl.CO,H > [CHaCNOj.COgH] > CH,NOa-hCO,. 

By the same method a-bromopropionic acid and a-bromobutyric acid are made 
to yield nitroethane and nitropropane, and so on for the series (C. 1900, I. 126). 

(4) The nitro-parafifins are also formed by oxidation of the nitroso-pamffins 

(p*i52). , 

(5) By a niicleus-syyithesis : Zinc alkyls, acting on chloro- and bromo- 
nitro-paraffins, produce mononitro-paratfins (B. 26 , 129) : 

CHa-CHBrNO, y CH3.CH(N02).CH3, Secondary Nitropropane. 

CCl3.NO, — C.N02(CH3)3, Tertiary Nitrobutane. 

Properties and Reactions, — ^TJie nitro-paraffms are colourless, 
agreeably smelling liquids, which are sparingly soluble in water. They 
distil without decomposition, and only explode witli difficulty. Their 
boiling points lie considerably higher than those of the corresponding 
nitrous esters (p. 137). ^ 

The action of potassium and sodium hydroxides on the nitro-paniflins is to 
form salts when the NO, grouptstands next to a hydrogen atom in the molecule. 
Similar action on the isomeric nitrous esters rcsqjts in the production of alcohol 
and an alkali nitrite. • 

Victor Meyer, who discovered the nitro-paraffins and studied them closely, 
assumed that, in the salts, the alkali metal was united directly with the carbon 
atom (A. 171 , 28, 48); whilst A, Michael (J. pr. (?h. (18S8), [2] 37 , 507) and 
later Nef (A. (1894), 280 , 263) showed it to be joined to an oxj^gon atom of the 
nitro-group. 

Potassium-nitroethane, CH,CHKNO, CH,.CH =NOOK. 

According to V, Mtyer, According to A. Michad* 
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f Xbe nitro-paraffins are converted by alkalis into isonitro-paraffins (also called 
a^-nitro-para£Bins or nitronic acids), from which the salts are derived (compue 
p. 41). If a solution of such an alkali salt is acidified, the isonitro-paraffin which 
IS first precipitated changes into the corresponding nitro-paraffin. A . F. Holleman 
(compare B. 38 , 2913) showed how this change could be followed by rapidly 
taken conductivity measurements, since the labile, salt-forming isonitro-body is 
an electrolyte, which turns into a stable, neutral, non-conducting nitro-compound. 
The rapidly falling conductivity runs parallel to the decolorization of the first 
formed yellow solution. Hantzsch succeeded in isolating phenylnitromethane 
in both its forms — CeHgCHaNOg and C^HsCH : NOOH (B. 29 , 1223, 2251 ; 
C. 1897, 1 . 1054). , 

If a solution of an alkali salt of a primary nitro-paraffin is dropped into ice- 
cold dilute hydrochloric acid, a small proportion is converted into a hydroxamic 
acid. For instande, potassium pseudonitromethane changes into acetohydro- 
xamic acid {Bamberger, B. 35 , 49). • 

By gradual reduction, the nitro-bodies {V. Meyer, B. 24 , 3528, 4243 ; 25 , 
1714) pass first into alkyl hydroxylamines (p. 171) and thep into primary 
amines : ' 


CHgNO, CHs.NH.OH ^ CHjNH,. 

Nitrome thane. Methyl Hydrozylamine. Methylamiue. 

The conversion of nitro-parafFns into primary amines proves, as indicated 
before, that the nitrogen of the nitro-group present in them is linked to carbon. 
For nitromethane we have the choice between the following formulae (comp. 
B. 29 , 2263) : 

.OH CHa—NOH. 

CH,NO„ CH,=N^^ , 

The varying behaviour of the nitro-paraifins with nitrous acid at the moment 
of its formation from potassium nitrite and sulphuric acid is very interesting, 
according as the nitro-group is linked to primary, secondary, or tertiary radicals. 
Primary nitro-compounds in the presence of. excess of potassium hydroxide 
give rise to an intense red colour due to a soluble, red-coloured alkali salt of a 
nitrolic acid, whilst the nitro-compounds of the secondary radicals yield a dark 
blue coloration, due to the ioimation oi a pscudo-nitrole : 

r 

^OH 

CHa.CH2NOj-fNOOH=CHa.C^ +HaO. 

^NO, 

Ethyl Nitrolic Azid 
(Nilroacetoxime). < 

.CH,),CHNO,+NOOH=(CHJ,C<^^ +H,0. 

Propyl Pseudojiitrol. 


The nitro-compounds of tertiary radicals do not react with nitrous acid. 
Since the alcohols easily form iodides which react with silver nitrate, the pre- 
ceding reactions serve as a means of distinguishing primary, secondary, and 
tertiary alcoholic radicals from one another (p. log). 

Chlorine and bromine, actVng on the alkali salts of primary and secondary 
nitro-parafiins, produce chioro- and bromo-nitro-svibstitution products. In them 
the halogen atom occupies the same position as tltc nitro-group. 

Diazobenzene salts, activg ea the alkali salts of the primary nitro-paraffins, 
give nitrohydrazoiies (nitro-azoparaffins), e.g. nitroacetaldehyde hydrazone, 
CH,C(NOg) ; N.NHCjH,, results from potassium nitroethane and diazobenzene 
nitrate (B. 81 , 2626 ; see also Vol. II.). 

Primary and secondary nitro-paraffins unite with aldehydes in the presence 
of alkali carbonates to form nitro-alcohols. As many molecules of an aldehyde 
%iite with one molecule of a nitro-paraffin as there are hydrogen atoms united 
tp the carbon atom to which the nitro-group is attached. The nitro-alcohols, 
%s obtained by this method, will be described with the polyatomic alcohols (C. 
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II. xooo). Nitrometbane and formaldeh/de give rise to nitrobutyl glycerol* 
the parent substance for the synthesis of glycerol ; ^ 

4CH o y/CH 2011 

NOjCHa ■ ^ - > F-NOaC^HaOH. 

x:h,oh 

z,i-Haloid nitro-paraffins also condense with aldehydes to form meso>halogen 
nitro-paraffins, which were described under the section of the nitrogen derivatives 
of the ketone-alcohols or ketols. 

For compounds resulting from the action of sodium ethoxide and the alkyl 
iodides on the nitroethanes. see B. 21, R. 58 and 710. 

Zinc ethyl converts nitroethane into / 3 -ethyl / 9 -sec. -butyl Uydroxylamine 
(B. 84 , 2500). 

Primary MononltroparaiDns : Nitromethane, CHsNOa. b.p. loi**, is isomeric 
with formhydroxamic acid. Sodium and potdssium mtrometAane explode with 
great violence when they arc heated ; this also occurs when these substances, 
dried in a desiccator, come into contact with traces of water (B. 27 , 3406). When 
mercuric chloride acts on sodium nitromethane, mercury fulminate is produced 
\q.v.) (A. 280 , 275). By the action of potassium hydroxide on nitromethane or of 
hydroxylamine hydrochloride on sodium nitromethane, Methazonic Acid, 
CHg : N( 0 ).CH : N( 0 ) 0 H, m.p. 79°, is formed. It is a mono-basic acid derived 
from formic acid (B. 34 , 867). Nxtroethane, CHjCHgNO, b.p. 113®; reaction 
between the sodium salt, CH,CH : NOONa, and benzoyl chloride leads to the 
formation of benzoyl acetohydroxamic acid, CH,.C(OH)NO.COCaH5, and not 
to the expected benzoyl isonitroethane (C. i8g8, I. 564) ; i-Nitropropane, 
CH,.CH,,CH2N02, b.p. 130®: i-Nitro~n.‘butane, CH,.CH2.CH2.CH*.N02, b.p. 
15 1®; Nitroxsobutane, (CHgljCII.CHgNOg, b.p. 1 3 7-1 40® ; Nitro-n.-octane, 
CHa.CCHglg.CHg.NOj, b.p. 205-210®. 

Secondary Mono^troparallins : Isonitropropane, (CHa)2CHNOg. b.p. 118®; 
Secondary Nitrobutane, b.p. 138®. 

Tertiary Mononltroparafiins ; Tertiary Nxtrobutane, (CHJjC.NOg, b.p. 126® ; 
z-Nxtro-'z-Methyl Bw/awtf, (CHJaCl^OglCgllg, bp. 150® (C. 1903, I. O25). 

Nitro-olefines. — Nitro-alcohols, obtained by the condensal^n of aldehydes 
with nitromethane (comp. p. 150), give up water under the’ action of zinc 
chloride, and form nitro-olefines, RCH : CHNO* ; Nitroisohexylenc (CH,), 
CHCHgCH : CHNO„ b.p.,o 80® ; Niiro-octylene, C.Hj.CH : CHNOg. b.p.g 114®. 
Nxtroxsobutylene, (CH JC : CHNOg, is prepared by the action of fuming nitric 
acid on isobutylene ; and also by the abstraction of CO, by alkali from dimethyl- 
a-nltroacrylif acid. Reduction of the nitro-olefines results in the formation of 
the oxim (?5 of the paraffin aldehydes (p. 152) (C. IQ03, II. 553). 

Nxtropropylene, CH, : CH.CHjNOj. b.p.igg 88® (C. 1898, I. 192). 

Halogen Nltro-compounds result (i) from di-balogen paraffins in which two 
different halogen afoms are attached to two C-atoms in the same chain, such as 
CHaCl.CHg.ClljBr, reacting with a mono-molecular quantity of silver nitrate ; 
(2) from nitro-paraffins and Cl or Br ; (3) from nitro-alcohols and PCI5. These 
substances are acidic in character when a H-atom is united to the same C-atom 
as the nitro-group. The remarks which have been made on the constitutfon of 
the salts of the mononitro-paraffins hold good for the salts of the halogen-nitro- 
compounds (p. 149). 

Chloronitromethane, CHjClNOt, b.p. 122® ; Bromonitromethane, b.p. 146® 
(B. 29 , 1823) ; Dxbromonxtromethane (B. 29 , 1824). 

1,1-Chloronitroethane, CHg.CHClNO,, b.p. %24® ; i,i Bromonitroethane, 
b.p. 146®; i,z-Chloronitroethane, ClCHg.CHjNOg, bp. 173®; i,i,i-Dibromv* 
nxtroethane, CHt.CBrjNO*. b.p. *65®. 

1 ., 1 -Chloronitropropane. CH,CH,CHaNO„ J>.p. 141®; T,i-Bromonifro* 

propane, b.p. 165® ; i-Nitro-z-chloropropane, b.p. 172® ; i-Chloro-a-nitro^ 
propane, b.p. 170® ; i-ChtorO'-^-nitropropane, b.p. 197® ; ‘2,a-Chloronttropropane, 
CHsCCl(N02).CHg, b.p. 133® ; Ti,a-Bromonxtropropane, b.p. 165® ; x,z,x« 
Dibromonitropropane, b.p. 185 . ® 

Nitrotriiodoethylene, Cl, : CINO„ m.p. 109®, and Dinxtrotriiodoethylene, 
NO,CI : CINO,. result from the action of fuming nitric acid or N, 0 , on dBodo- 
acetylene wd tetraiodoethylene respectively (B. 83 , 2190). 

Following the scheme on which this work is planned, the nitro-halogen 
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compounds should take their places after the aldehydes, ketones, carboxylic 
&cids and glycols, according to the position of the substituting atom and group. 
It is, however, more convenient not to divide them in this way, except to deal 
with Nitfochloroform (Chloropicriu), CClaNO,, and Niirobromoform (Bromopicrin) 
in conjunction with CCl4,CBr4,Cl4. 

The halogen atom in chloro- and bromo-mononitroparaffins can be replaced 
by alkyl groups by the action of zinc alkyls, whereby a homologous series of the 
mononitroparafhns can be built up (p. 149). 


A 2. NITROSOPARAFFINS ; HALOGEN-NITROSOPARAFFINS, 
PSEUDONlfROLES ; NITROLIC ACIDS 


The nitroso-group, — NO — , gives its name to those substances which it charac* 
terizes — the wi^^'cso-compcTunds. Primary and secondary nitrosoparaffins cannot, 
as a rule, be isolated (comp. B. 35 , 2323), since substances of the composition 
RCHjNO and R3CH.NO possess a great tendency to transformation into iso- 
wt 7 roso-bodics RCH ; NOiH or aldoximes and ketoximes, R^C : NOH. 

Tertiary nitrosoparaffins, on the other hand, are stable and are obtained by 
oxidation from ^-alkyl-hydroxylamines (p. 171). , 

The ketoximes, RjC ; NOH, such as acetaldoxime, CH,CH : NOH, are changed 

by chlorine or bromine into chloro- or bronio-nitrosoparaffins, R2C<C]^q; by 

Ng04 or nitric acid into nitronitrosoparaffins, The latter, also 

known as pseudonitroles, are also obtained (p. 1 50) by the action of nitrous acid 
on the secondary nitro-bodics, whilst the primary compounds yield nitrolic acids, 

RC<^^q|j , under the same treatment. These substances are dcsmotropic, and 


can also be formulated as nitrosoniironic acids, RC^^q^^. 

The nitrolic acids occupy a position after the monocarboxylic acids, into whreh 
they readily change, as well as the amidines, amidoximes, etc. ; 


CH.C<gH 

Acetic Acid. 


ch,c<nh 

Acetamidioe. 


P^NOH r^NOH 

Etheuyl Amidoxime. Ethenyl Nitrolic Acids. 

The mesohalogen-nitrosoparaffins and the pseudonitroles take their places 
systematically after the ketones, from the oximes of which they can also be 
prepared, and into which they easily change : • 

(CH,).CO (CHJ,C:NOH (CHJ,C<Np (CHJ.C<Ng^ 

Acetoxime. Mesobrorao- .Propyl Pseudonitrole. 

nitrosopropane. , 


Acetone. 


However, on account of their connection with the nitro- and nitroso-compouuds 
these substances will be considered with them. 

Nltrosoparaflins. — The direct production of these bodies from the paraffins 
has not yet been brought about. Reduction of the nitroparaffins docs not yield 
nitrosoparaffins, but a series of other bodies. Careful reduction gives rise first 
to ^-alkyl hydroxylamines, Alk.NHOH, which will be examined later together 
with other alkyl hydroxylaminc derivatives (p. 171). But the ter t. -alkyl 
^-hydroxylamines yield nitrosoparaffins by oxidation with chromic acid 
(B. 81 , 457) : 

RaC.NO, R3C.NHOH ^ R3C.NO, 

The alkylamines, possessing a tertiary alky^ group, yield tertiary-nitroso- 
paraffins when oxidized by jierconosulphuric acid, HgSOj, with the intermediate 
formation of ) 9 -alkyl hydroxylamines : 

R,C.NH, 5- R.C.NHOH ^ R.C.NO. 

Sec. -alkyl j8-hydroxylammcs are converted by oxidation into ketoximes or 
isonitrosoparaffins (p. 151), whilst the primary compounds yield hvdroxamic 
acids (B. 86, 701). ^ 

NRroso-compoun ds are colourless crystalline bodies, having an odour of 
camphor, and are very volatile. In the solid state they exist as double molecules. 
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which are dissociated by heat or solution into the intensely hliu coloured mono-* 
molecular condition. This phenomenon can be observ^ in many complex* 
nitroso-bodies (B. 869 3090). Sunlight retards this dissociation (comp. p. 61). 
Nitroso-bodies on oxidation yield nitro-compounds. 

Nitroso-tert. ’butane t (CH3)jC.NO, m.p. 76®, melts in a closed capillary tube to a 
blue liquid, which, on solidification, forms colourless crystals. NitrosO’tert.-pentane, 
CaH3C(CH8)2NO, m.p. 50®, is prepared by the oxidation of tert.-butyl and amyl- 
amine. Nitrosooctane, (CHs)iCHCH2CHaC(CHs)2NO, m.p. 54®, results from the 
reduction of nitrooctane. 

mssO’Halogen-nitrosoparaffins are prepared by the action of chlorine and 
sodium hydroxide (C. 1906, I. 1692), or of bromine and pyridine (B. 35 , 3092) on 
ketoximes (see above, p. 151) : 

(CH -^^ 1 — (CH J,C=NOIJ — (CH 

They are blue, very volatile bodies, of a sharp odour, and are easily decomposed. 
Oxidation changes them into halogen-nitro-bodies (p. T51) ; with silver nitrite 
they give ri.«se to the psuedonitroles (see below). » 

rnii^o-ChloYonitrosopropane, (CHa)2CCl.NO, b.p.^g 7®, is formed from (CH,)2- 
CNOH and NaClO. An excess of the latter forms chloronitropropane (p. 151). 
Bromonitrosopropane, b.p.,gi 41 ’5®. Bromoniirosobutane, C,H5C(CHa)Br.NO, 
hp-18 28®. Bromonitrosodimethyl Butane, (CHj)3C.C(CH3)Br.NO, m.p. 120®, 
with decomposition, form sky-blue crystals whicji can be sublimed. 

1,1-Chloronitrosoethane, CH3CHCl.NO, m.p, 65°, is prepared in a hydro- 
chloric acid solution from acetaldoxime, CH3CH : NOH, and chlorine. It changes 
on fusion from colourless (dimolccular) plates, to a blue (monomolecular) liquid. 
This soon becomes colourless, owing to an isomeric change to acetohydroxamyl 
chloride (q.v.) which yields 1,1,1-DichloronitfOsoethane, CH3.CCl3.NO, a blue- 
coloured oil, b.p. 68®, by the further action of chlorine (B. 35 , 3113). 

Pseudonltroles or mcso-NitronitrosoparalDns. As already de.scribed, the pscudo- 
nitroles are prepared : 

(1) By the action of nitrous acid on sec.-nitroparafl&ns (p. 151) : 

(CH,),CH.(N0,)+N0.0H=.(CH,),C<^°»+H,0. 

(2) From meso-halogcn-nitrosoparaffins and silver nitrite : 

(CHd,C<^* 0 +AgNO,=(CH,).C<Ng«+AgBr 


a method indjrating its nitron itrosoparaffin constitution (B. 35 , 3093). 

(3) By*thc action of Nj04 on the ketoximes (see above, halogen-nitroso- 
paraihns), which is the simplest method of preparation (B. 34 , 1911) : 

4(CH,),C : NOH +3N,04 =4(CH,) ,C<^g*+2H,0 +2NO. 


The pscudonitroles are pungent, colourless crystalline substances, dimolecular 
when in the solid state. On melting or solutibn they change into the deep blue 
monomolecular form (B. 35 , 3094). They possess a neutral reaction, and are 
insoluble in water, alkalies, and acids. Chromic acid oxidizes them in glacial 
acetic acid solution to Dinitro-bodies. Reduction with hydroxylamine in alkaline 
solution changes the pseudonitroles into ketoximes (B. 29 , 88, 98). 

Propyl Pseudonitfole, Nttronitrosopropane, (CHs)3C(N02)N0, m.p. 76®, with 
decomposition, is changed by NH2OH into Tetramcthyl Dinitroaxoxy methane, 
/N.C(N02)(CH3)3 

Ov I (B. 34 , 1913), Butyl Pseudonitrole, 2,2’Nitronitrosobutane, 

N.CpOJCCH,), 

m.p. 58 . For the higher homologues, see B. 29 , 94 ; 3095. 

Nitrolio Acids. — As has already been described (p. 151), the nitrolic acids 
result from (i) the action of nitrous acid at the moment of its formation on the 
primary mononitro-compounds. (2) A more direct readUon is that of a-isonitroso* 
carboxylic acids with N2O4, during which COg is eliminated (C. 1903, II. 932 ) * 


^OH 


:ooH 



+CO,+HNO,. 
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f ^3) They can also be obtained from dibromomononitroparaffins and hydn> 
xylamine : 

/NO, 

CH,Br,.NO,+NH,OH«:CH,.CC +2HBr. 

^NOH 

Thus, they are to be considered as being nitro-oximes, but may be desmotropically 
connected with the nitronitroso-bodies ; 

*^^NOOH 

The nitrolic acids arc solid, crystalline, colourless, or faintly-yellow coloured 
bodies, soluble in water, alcohol, ether, and chloroform. They are weak acids, 
and form very explosive salts wiZh alkalis, yielding at the same time a dark-red 
colour. The erythronitrolic acid salts are changed by the action of sunlight 
and of heat to the colourless leuco-nitrohe acid salts (B. 31, 2854). They are 
decom Dosed into hydroxylamine and the corresponding fatty ^cids by tin and 
hydrochloric acid. When heated with dilute sulphuric acid they split up into 
oxides of nitrogen and fatty acids. They are converted into esters when treated 
with acid chlorides (B. 27, 1600; 20^ 1218). For further reactions, see the 
derivatives of the fatty acids. 

/NO, 

Methyl Nitrolic Acid, CH^ , m.p. 68* with decomposition. 

^NOH 

NO, 

Ethyl Ntiroltc Acid, CH,.C4 , m.p. 88® with decomposition. 

^NOH 

/NO, 

Propyl Nitrolic Acid, CHj.CHj.CX , m.p. 60® with decomposition. 

^NOH 

Appendix. Nitroalkyhsonitramines, such as nitroethylisonitramine, 
CH,CH(N02)N,0,H. result from the passage of NO into an alcoholic solution of 
an aliphatic mononitro-body, with the additioxi of sodium ethoxide (A. 300, 106). 

Diisonitramines, such as Methylene Ditsonitramine, CH,(N,02ll)2, result 
from the action of NO, in the presence of sodium ethoxide, on an alcoholic solution 
of ajretone which contains the CO group attached to a methyl or methylene 
group (A. 300, 81). 

A 3. Dinltroparafilns. — There arc three classes of dinitropifca^ns; the 
two nitro-groups may be joined — 

(1) to one terminal carbon atom : oi^-dirntroparaffins or piimary dinitro- 
compounds ; * • 

(2) to an intermediate carbon atom : mesodimtroparaffins or secondary 
dinitro-compounds ; 

(3) to two different carbon atoms. 

These three classes, according to the position of the groups, bear the same 
relations to aldehydes, ketones, and glycols as do the mononitroparaffins to the 
alcohols : 


CH,OH 

CHO 

CO 

XHjOH 

1 

A 

CH,<; 

CH, 

CH,. 

CH,CH, 

XH2OH 

CH,NO, 

CH(NO0, 

C(NCit), 

XH2NO, 

1 

1 

A 

CH,<; 

CH, 

CH% «- 

CH,CH, 

XHjNO, 


Notwithstanding these points of relationship, it is practicable to discuss the 
dinitroparafl^s after the Iromonitro- and nitrosonitro-bodics (pscudonitrolcs). 

Formation. — (i) By the oxidation of the pseudonitroles with chromic acid 
mesodimtfoparaffins are produced : 

(CHJ.C<Ngi °-->.(CHJ.C<j;g|. 
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( 2 ) They result from the interaction oi potassium nitrite and the bromo-^ 
nitroparaf^ns : 

CH,CH<^^*+KNOa«CH 3 .CH<JJ 3 *+KBr. 

(3) By the action of concentrated nitric acid on 

(a) secondary alcohols, 

(M ketones, 

(c) mono-alkylized acctoacetic esters, 

the carbon chain is torn asunder and ta^-dinitroparaffins are formed (C. 1901, 

II- 334) : . 

(C,H,),CHOH >>cA,.CH(NOJ, 

(C,H.),CO > CH,.CH{NOs), 

CH,C 0 .CH(C,H,)C 0 ,C,H, ^^H,.CH^.CH(NOJ,. 

The action of iodoalkyls on the salts of the primary dinitroparaffins results 
in the production of mcsodinitroparaffins (comp. A. 280 , 282). 

(4) By the oxidation of saturated monocarboxyhc acids, containing a tertiary 

carl^n atom, with nitric acid : isobutyric and isovaleric acids yield mesodinitfo^ 
propane : • 

(CH J.CHCOgH (CHJ,CH.CH,.CO,H > (CH,)aC(NO,),. 

The primary dinitro-bodies are acids in whibh the group changes 

into CfNOj) : NOOH. The primary and secondary classes lose hydroxylamine 
when they are reduced with tin and hydrochloric acid. The former yield, at the 
same time, monocarboxyhc acids, and the latter ketones (B. 23 , 3494). 

Dinitromethane, CH3(N02)2. is a colourless volatile oil (B. 32 , 624). 1,1-Di- 

nitroethane, CH,CH(N02)2. b.p. 185-186® (formation, comp. p. 156, Tri- 
nitroethane), \,\-D%mtropYOpane, CH,CHjCH(N02)2» b.p. 189° ; i,i~Dinttro- 
hexane, b.p. 212® ; 2.2-Dznttropropane, CH,C(N02)2CH8, m.p. ^3®, b.p. 185*5® ; 
2,2-Dimtrobutane, CH3CHjC(N 02)2.CH3, b.p. 199®. For higher homologues, 
see B. 29 , 95. Di-tert.-i.2-dinitropardfiins are obtained by the action of finely 
divided silver on the mesobromonitroparaffins (p. 1 52) : 

2R2C(N02)Br+2Ag=R2C(N02).C(N02)R2+2AgBr. 

Tetramethyl-i,2-dtnitroethane, (CH3)2C(N02).C(N02)(CHs)2, m.p. 2x1®, •can 
be obtained by heating diisopropyl with dilute nitric acid (comp, also p. 148) ; 
and by elec^treiysis of the potassium salt of sec.-nitropropane. DimethyldiethyUi, 
2 -d%mtroethane, m.p. 80®, is prepared from 2,2-bromonitrobutane (C. 1907, 
I. 230). \,^-Dinttropropane, NO2CH2CH2CH2NO2, is obtained as an unstable 
oil fiom trimelhyiene iodide and silver nitrate. i,d^-Dinitrodiisohutyl, 
N02C(CH3)aCH2CH2C(CH3)2N02, m.p. 125®, is prepared from diisobutyl by heat- 
ing it with dilute nitric acid. i, 6 ’D%nitrodttsoamyl, (CHj)aC(N02)[CH2]4C(N0*)- 
(CH9)2, m.p. 102®, is similarly prepared (B. 25 , 2638 ; 28 , 1858 ; C. 1906, II. 
312 et seq). These dinitroparaffins yield the corresponding diamines when 
reduced. 

Polynitroparaffins. Trtmtromethane, Nitroform, CH(N02)3, m.p. 15®, was 
first prepared by the action of water on trinitroacetonitrile, which gave at 
the same time CO 2 and ammonium isonitroform. It is also prepared from 
tetranitromethane by the action ot alcoholic potassium hydroxide or ammonia 
with the simultaneous production of ethyl nitrate ; * 

C{N 0 J,.CN+aH ,0 L (NOg),C=NOONH4+CO,. 

C(NOj4+C,H,OK = (NOJ,C=NOQX-fcC,H.O.NO,. 

It also results from the interaction of acetylene (p. 88) and nitric acid. 

It forms colourless crystals, dissolving to a colourl^s solution in non-aqueoua 
solvents, but turning yellow in water. The salts are also of a yellow colour, and 
are probably derived from isonitroform (NOj)2C=NOOH (p. 150)- In non- 
dissociating solvents a colourless mercury salt. (NO,)3C.iHg, is formed, but in 
dissociating liquids this exists as (NOg),C=NOO.|Hg (B. 38, 973)- Thus, in 
water it assumes the iso- or act- condition, and is a very strong mono-basic acid. 
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Free trmitromothene is volatile in steam, and explodes violently on heating. 
^The freshly prepared potassium salt explodes at 97-99°. and spontaneously 
decomposes, on keeping, in dry air. The ammonium compound crystallizes in 
yellow needles, and explodes mildly at 200^. The silver salt dissolves easily in 
water and in alcohol (B. 32 , 628). 

Trinitroethane, CH,C(NO,)„ nl.p. 56°, is obtained from the silver compound of 
trinitromethane and iodomethane ; and also from methylmalonic acid and nitric 
acid. It is insoluble in water. Potassium hydroxide solution changes it into 
potassium dinitroethane, whilst potassium methoxide produces dinitroethyl 
methyl ether, CH 80 CH,CH(N 0 j), (B. 36 , 434). 

Bromonitroform, Bromotrinitromethane, C(NOa)jBr, m.p. 12®, is produced 
when bromine and nitroform remain in contact for some days in the sunlight. 
A quicker method is to pass bromine into an aqueous solution of the mercury 
salt of nitroform. It is volatile in steam without decomposition. 

Tetranitromethane, C(I^02)4, m.p. 13®, b.p. 126®, = 1-65, is obtained from 

diacetyl orthonitric acid and acetic anhydride (B. 36 , 2225) ; also by warniing 
nitroform w'ith a mixture of fuming nitric acid and sulphuric acid. It is a 
colourless oil ; insol ubM in water, but easily soluble in alcohol *and ether. It is 
very stable and distils without exploding. For its transformation into trinitro- 
methane, see above. • 

Tetranitroethane is obtained as a dipotassium salt, KOON : C(N02).C(N0,) : 
NOOK, from bromopicrin, CBrjNO,, and potassium cyanide. It is decomposed 
by cold dilute sulphuric acid, forming dinitromethane (B. 35 , 4288). 


B. ALKYLAMINES AND ALKYL AMMONIUM DERIVATIVES 

Alkylamines are substances formed by replacement of the hydrogen 
atoms in ammonia by alkyl groups. 

According as one, two, and three atoms are substituted, there? 
result the primary, secondary, ^M^tertiary amines : 


/C,H. 

N^H 

/C,H. 

/C2H, 


/C.H, 

\CH, 

Ethylanune. 

Dieibylamine. 

Molhyl 

TriethyUriime. 

Methyl Ethyl- 

& 


Ethylarainc. 


Propylamine. 


These are also sometimes called amide, imide, and nfl^ile bases. 
Among the secondary and tertiary amines, may be distinguished 
simple amines, those with similar alcohol radicals* agd mixed amines, 
those containing different alcohol radicals (comp, simple and 
mixed ethers, p. 125). Derivatives also exist which correspond 
with the ammonium salts and hypothetical ammonium hydroxide, 
NH4OH : 

(CjHJ^NCl. (CjHsliN.OH. 

Tetraethyl Amuiunium Chloride. Tetraethyl Ammonium Hydroxide. 

known as the quaternary alkyl ammonium compounds. It must be 
noticed that the words “ primary," “ secondary," and “ tertiary " when 
applied to alcohols (p. loi) carry different meanings than when em- 
ployed with amines, whele they indicate the number of alkyl-sub- 
stituted hydrogen atoms in an NHa-group. When considering the 
close connection between alcohols and amines (comp. pp. 104, 163), 
this might lead to confusion. 

Isomerism of the Alkylamines, — ^Tbe isomerism of the simple alkyl- 
amines depends on the homology of the alcohol radicles, metamerism^ 
and in the higher alkylamines, in addition, on the different position 
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of the nitrogen in the same carbon chain, isomerism of posiiion; andi 
on the different manner of linkai^e of the carbon atoms of the 
isomeric alkyl residues, nucleus isomerism (p. 25). 

There are eight known isomers of C4H11N : 


|C«H, c,H, 

n|h n ch, 

Ih Ih 

4 Isomeric Butyl- 2 Isomeric Propyl 
amines. Mcthylamines. 


C.H, 

N C.H, 
(H 

Diethylamine.* 


(CsH. 

N CH3. 

ICH, 

Ethyl Dimcthylamine. 


History. — The existence of alkylamines, or alcf^hol bases, was very definitely 
predicted by Liebig in 1842 (Hdw. 1 , 689). In 1849 discovered a method for 

the preparation of primcury amines, which consisted in decompos^g isocyanic ester 
with aqueous potassium hydroxide. This was a discovery of the greatest import- 
ance for the development of organic chemistry. Shortly afterwards, in 1849, A . W. 
Hofmann, by the action of alkylogens on ammonia, discovered a reaction which 
made possible thte preparation of all the classes described in the preceding para- 
graphs : primary, secondary, tertiary amines, and the alkyl ammonium bases. 
This afforded the experimental basis for the introduction of the ammonia type into 
organic chemistry (comp. p. to). Since that time numerous other methods 
have been found, particularly for the primary amines. 


The following general methods are the most important for preparing 
the above compounds : 

{la) The iodides, the bromides, or the chlorides of the alcohol 
radicals arc heated to 100®, in sealed tubes, with alcoholic ammonia 
{A, W. Hofmann, 1849). Two reactions occur here: first, the alkyl- 
ogens combine witli the ammonia, forming alkyl ammonium salts, 
which are then partially decomposed by excess of ammonia into 
alkylamines, to wtiich alkylogens again unite themselves — e.g. : 

NH,+C,H,I=Nnj(CsH 5 )HI NHsC.H, +NH,I. 

NH,CjHj+CsH,I=N11(C,H5),HI -> NH(CsH,)j+NH4l. 

NH(C,H,),+C 5 H,I=N(C,II,),HI N(C,H0, +NH 4 I. 


The final product consists of the hydroiodides of primary, second- 
ary, and tertiary amines, i.e, the amide, imide, and nitrile bases, 
as w’ell as the quaternary ammonium compounds. The amines are 
best obtained on a large scale by the action of ammonia on the 
alkyl bromides (B. 22, 700). 

Potassium and sodium hydroxides decompose the salts of the 
amine, imide, and nitrile bases, with the liberation of the free bases, 
whereas the quaternary tetra-alkyl ammonium salts are not decom- 
posed by alkali hydroxide, and can thus be easily separated from the 
primary, secondary, and tertiary amines (B.*20, 2224). 

It is remarkable that the pr&nary and secondary alkyl iodides yield amines, 
whilst the tertiary alkyl iodides split off hydroge* io^de and pass into olefines. 
On the further alkylation of primary and secondary amines by means of bromo- 
alkyls, see B. 88, 1539. 

(16) The esters of nitric acid, when heated to ioo 9 with alcoholic ammonia, 
react in a manner analogous to the iodoalkyls ; 

C,H,.O.NO,-fNHa=C,H,.NH,-fHNO,. 

This reaction is often very convenient for the preparation of the primary 
amines (B. 14 , 421). 
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^ {le) TerHary amines are produced when primal^ and secondary bases are 
heated with an excess of potassium methyl sulphate (fi. 24, 1678) : 

(C.Ha) ,NH +CHaOSOaK= (C,H,) jNCHj -f HOSOjK. 

(id) Mono-, di-, and tri-alkylg.mines are obtained by directly heating the 
alcohols to 250-260® with zinc-ammonium chloride, ZnClj-NHs (B. 17, 640). 

{le) The methylation of ammonia and amines can easily he carried out by 
means of two reagents — dimethyl sulphate (p. 138) and formaldehyde (p. 197) 
(comp. B. 88, 880 ; A. 327, J04 ; C. 1906, II. 1716), e.g, — 

NH,+(CH,).SO.i--* >-NH,.CH,+H(CHJSO.. 

lao® 

zNH.Cl-f-QCHaO -> 2N(CH3)3.HCl-f 300*-}- ^H^O. 

(2) They are also fornred by the action of nascent hydrogen (HCI and Zn) on 
the nitro-paraffins (p. 150). when the alkyl hydroxylamines appear as intermediate 
products ; also on the halogen mono-nitro-paraffins ; 

CHjNOj-f- 4H=CH,NHOH-hHaO. 

CH,.NO,-f 6H=CH3.NH, -fzHjO. 

CC1,N0,-1-I2H=CH,NH, -f-2il*0 }-3HC1. 

This method is particularly important in the manufacture of commercially 
valuable primary amines — e.g. aniline, 0*11 jNH* — from the readily accessible 
aromatic nitro-bodies. Zinin discovered the method when investigating the 
reduction of nitrobenzene, CgH^NO*, and V. Meyer applied it to the aliphatic 
nitro-derivatives. 

(3a) By the action of sodium in absolute alcohol on the aldehyde-dlkylimides 
(B. 29, 2110); (36) when zinc dust and hydrociiloric acid are allowed to act on 
aldehyde-ammonia derivatives (B. 27, R. 437) ; (3c) from the phenylhydrazones 
(Tafel), and (3^ the oximes (Goldschmidt^ of the aldehydes and ketones by means 
of sodium amalgam and glacial acetic acid (B. 19, 1925, 3232 ; 20, 505 ; 22y 

1854) : 

(CH3)aCH.CH=N(CH3) -{-2H = (CH3)*CH.CHa.NHCH3. 

(CH3).CH : N--NH.C,H5H-4H=CH3.CH2NH3 -l-CeH.NH,. 

(CH3)*C : N— NH.C.H* = 

: N—OII -|-4H=(CH8)*CHNH34-HaO. 

Reaction 3a yields secondary amines, whilst 36, 3f , and 3d give rise to primary 
amipes, together with some secondary and tertiary amines. The above reactions 
can be carried out with molecular hydrogen in presence of finely divided nickfl or 
copper (C. 1905, II. 540) ; also by electrolytic hydrogen in acid soliliifin (C. 1906, 

II. 15.39). 

(3«) Connected with these latter methods of forma^tion is that of primary 
amines, accompanied by secondary and tertiary, from aldehydes and ketones by 
ammonium formate (A. 343, 54) : 

(C,H5)aC=0-hHC03NH4-.(C*H5)3CH.NH3-fC0,4-H30. 

(4) The reduction of acid amides with hydrogen from boiling amyl alcohol and 
sodium (C. 1899, II. 703) gives a primary amine : 

CHaCONH,-f4H=HaO-fCJi3CH,NH, 

Acetamide. Etbylamme. 

(5) action of <nascent hydrogen (from alcohol and sodium, 
B. 18 , 2957 ; 19 , 783 ; 22, 1854) on tl^ nitriles or alkyl cyanides 
{Mer^ius, A. 121, 129) : ^ 

HCN+4H=Cn,NH, ; CH,.CN+4H=CH,.CH,.NH,. 

Methylamine. Acetomtrile. Etliylamine, 

This reaction constitutes an important intermediate factor in the synthesis of 
both alcohols (p. 105) and amines. 

(6) If the isocyanides of the alkyls, the isonitriles, or carbylamines are heated 
with dilute hydrochloric acid, formic acid is set free (A. W, Hofmann) : 

CjHg.NC + 2 H*0 »C,H4.NH, +CH,0,. 
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(74) The esters of isocyanio or isocyanurtc acid may be distilled with < 
potassium hydroxide (J^urtz, 1848) : 

CO . N CH,+2K0H-.NH, ch,+k,co. 

Cyanic acid is changed to ammoma in precisely the same manner : 

CO NH+2K0H=NH,+K,C0, 

To convert alcohol radicals into coriespondmg annines, the iodides are heated 
together with silver cyanate the product of the reaction is then mixed with 
powdered sodium hydroxide, and distilled in an oil bsEth (B 10, 131) 

{yh) The tsothiocyamc esters or the mustard otlsi etc , arc also broken down 
into primary amines when heated with water or dilate acids 

CS NC,Hj+2H,0=C0,+H,S+C,H,NH, 

The isocyamc esters and the isothiocyanic esters o^ mustard oils are alkyl 
derivatives of the imide of carbonic acid and thiocarbonic acid 

(yc) 1 he alkyl compounds of the imide of o-phthalic acid {qv) have been 
found to be well adapted for the preparation of primary amines They are 
readily prepared bv acting on potassium phthalimide wfth alkyl iodides , and, 
when heated with potassium h\ droxide or acids, they separate into phthalic acid 
and primary amines {Gabriel fiO, 2224 24, 3104) . 

C.h4 [ 2jc8 >NH C.H.{ WC3>NK c.h 4 f3gg>N C.H. 

^•H4{[38o>NC.H.+='KOH=C,H.{g38|K+C*H.NH, 

{yd) Secondary amines result together with benzene sulphochlonde, from 
the breaking down ol a molecule of dialkylammc sulphonic acid which is obtained 
from chlorosulphonic acid and benzene sulphonic dialkylamide, CeHgSOaNRt 
(C IQOO I 524) 

(8) By the distillation of amino carboxyUc acids, especially with barium 
hydroxide . 

CH, CH<^®‘**-CH, CH,NH,+CO, 

Alanine Ethylamine 

(9) The decomposition oi the secondary and tertiary aromatic p-mtrosamines 

into salts of mtrosophenol {qv) by moans of potassium hydroxide, afEords a 
means of preparing piimary and secondary amines, p-mtrosodimethylamhne 
yields dimethjlamme ^ 

. NO[4 ]C,H,[i]N(CH,) a + KOH =.NH(CH8) * +NO[4]CeH4[i]OK 

(10) The conversion of the amides of the monocarboxylic acids into 
amines containing an jitom less of carbon {A . W Hofmann, B. 18, 2734 , 
19, i822),CcinbLtifi( tcdb\ meansofpotas mm hydroxide and biomme. 


This reaction constitutes an intermediate step m the decomposition of the 
saturated monocarboxylic acids, because the primary amines can be changed to 
alcohols and the lattei be oxidized to carboxylic acids, containing an atom less 
of carbon than the fatty acids whose amides constituted the parent substance 


The reaction proceeds in four stages. The first is the formation 
of the “ bromamide ” of the fatty acid, which, in the second stage, 
forms a salt with potassium hydi oxide , in th^ third, Br splits off and 
atomic rearrangement leads to the foimation of an alk>l isocyanate, 
which, lastly, is broken doiwi by excess of alkali into the pnmary 
amine and potassium carbonate (B. 85, 357^, ^ pr. Ch. [2] 78, 228 , 
C. 1903, I. 489) : 


I C,H,CONH,+Br,+KOH =C,H,CONHBr+KBr+H,0. 

II C,H,CONUBi l-KOH =C,H,(OK) NBr+H,0 

C,H, C OK CO 

III II = II -f KBr 

BrN C,H,N 

IV. C,H,NCO+2KOH=C,H,NH,^ K,CO, 
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b ITie bromamide and the alkyl isocyanate can both be isolated under special 
conditions. 

If one molecule of bromine acts on two of the amide, compound ursas (q.v.) 
are formed — acetamide yields acetyl monomethyl urea. 

The amides of the fatty acids containing more than 5 ('-atoms yield at the same 
time an increasing quantity of the nitrile of the next lower acid, e,g. CgHi^CONHi 
gives C,Hi 5.CN. If, however, the higher bromamide or chloramide is converted 
by sodium metboxide into the corresponding urethane and the latter is hydrolysed, 
a good yield of the higher p-imary amine is obtained (B. 30 , 898 ; C. 1899, 3^3). 

(loa) The above described Hofmann rearrangement of the bromamide is very 
similar to the Beckmann rearrLngement of ketoximes (p. 227), from which primary 
amines can also be obtained : 

■ CjH^CCH, « OrCCHj HOCOCH, 

HON ^ C.H^NH,. 

Propyl methyl Propyl Propylamine. 

Kctozime. Acetamide. 

Another related reaction is the transformation of hydroxamic acids (compare 
Benzhydroxamic acid, Vol. II.). Similar, too, is (106) the formation o£ primary 
amines from acid-azides and alcohol. The corresponding acid is converted into 
its ester, the ethoxy-group is then replaced vith (NH.NHg) by means of hydrazine 
hydrate, the acid-azide, R.CO.NH.NHj, is changed by nitrous acid into the 
azide R.CO.Ns, which is boiled with water or alcohol, and the resulting urea or 
urethane acted on with concentrated hydrochloric acid, when the alkylized 
base is liberated {Curtius, B. 27 , 779 ; 29 , 1160). 

f* H OH H(- 1 

R.CO.N, R.NH.CO.OC*Hj V R.NH,. 

Properties and Reactions of the Amines, — The amines arc very 
similar to ammonia in their behaviour. The lower members are gases,, 
possessing an ammoniacal odour, and are very readily soluble in water. 
Their combustibility distinguishes them from ammonia, a property 
to which Wurtz drew attention in connection with ethyl amine (B. 20, 
R. 928). The higher members are liquids, readily soluble in water, 
and only the highest dissolve with difficulty. Many amines possess 
the power of forming hydrates with water, accompanied by -very 
considerable rise in temperature. They can be dried ov^ potassium 
carbonate. Most of the oily hydrates contain one molecule of water 
for each nitrogen atom. This can only be removed by means of 
potassium hydroxide (B. 27 , R. 579), or by distillilioii over barium 
oxide. Like ammonia, they unite directly with acids to form salts, 
which differ from ammoniacal salts by their solubility in alcohol. 
They combine with some metallic chlorides, and form compounds 
perfectly analogous to the ammonium double salts ; e.g. : 

[N(CH,)H5Cl],PtCl4. N(CHJH,Cl.AuCl,. rN(Cna),HCl],HgCl,. 

The ammonia in the alums, the cuprammoniurn salts and other 
compounds may be replaced by amines.^ 

Their basicity is greater than that of ammonia, and increases with 
the number of alkyls intloduccd (J. pr. Ch. [2] 33 , 352 ; A. 345 , 256). 

The reactivity of the primary and secondary amines, as compared 
with the tertiary ammes, is dependent on the ease with which the 
ammonia hydrogen atoms, not substituted by alcohol radicals, 
replaced; hence, the primary and the secondary amines in mal^ 
reactions behave like ammonia. 

A primary amine is distinguished from a secondary amine, and this 
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from a tertiary amine, by treating the amine alternately with iodo-« 
methane and potassium hydroxide until all the hydrogen atoms in the 
ammonia present are replaced by methyl groups. Whether the latter 
have entered, and what their number may be, is most conveniently 
determined by the analysis of the platinum double chloride of the base 
previous to and after the action of the iodomethane. If two methyl 
groups have entered, then the amine was primary ; if one methyl 
group has entered, then the base was secondary ; and should the base 
remain unchanged, then it is tertiary in its Tiiaracter. 

Tertiary, secondary, and primary amines may also be obtained by 
the dry distillation ot the halogen salts oJ[ the ammonium bases, such 
as methyl-ammonium hydrochloride : * 

N(CHj)^Cl = N(CHJ 5 4-CH,C1 
• N(CH3)*HC1 = NH(CH 8 ) 2 +Cll 3 Cl. 

NH(CH 3 ) 3 HC 1 = NHatCHjl+CH.Cl, etc. 

• 

These reactions serve for the commercial production of methyl 
chloride (p. 135) from trimethylamine. 

Primary and secondary amines show flic following reactions : 

(i) Primary and secondary amines, like ammonia, react with 
acid esters, forming mono- and di-alkylized acid amides (q.v.) and 
alcohols. A, W, Hofmann based a method for the separation of 
primary, secondary, and tertiary amines upon their behaviour 
towards diethyl oxalate (B. 8, 760). 


The mixture of the dry bases is treated with diethyl oxalate, when the prima^ 
amine, e.g., raethylamine, is changed to diethyloxamide, which is soluble in 
water, dimethylamme is converted into the ester of dimethyl oxamic acid (see 
oxalic acid compounds), and ti line thy lamine is not acted on : 


Dielhyl OxdUtc. 


coNH.cn. 
CONH.CH, * ‘ 

Dimethyl 0z.amide. 


^ , ^OO.C.H, _ COO.C.H. 

NH(CI »)i+cqo.C,H, CON{CH,),'^ * ‘ ‘ 

» Dimethyl Oxamic Ester. 


When the reaction-product is distilled, the unaltered trimethylamine passes 
over. Water will extract the dimethyl oxamide from the residue ; on distillation 
with potassium hydroxide it changes into inathylamme and potassium oxalate ; 

CONH.CH, 

CONH.CH, » 4 IT 

The insoluble dimethyl oxamic ester is converted, by distillation with potas- 
sium hydroxide, into dtmethylamine : ^ 

+2KoA-C,0,K,+NH(CHJ,+C,H. oh. 

UUJN(dlj;a ^ ^ 

The behaviour of the primary and secondary amines towards toimaldehyde can 
be utilized for their separation from one another (B. 29, R. 520 ). 

(2a) The secondary aliphatic amines, e.g. diethylamine (also 
piperidine), arc readily acted on by a scries of non-metallic chlorides, 
non-metallic oxy- and sulpho-chlorides, as well as chlorides of inorganic 
VOL. I. M 
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acids. The dialkylaminc residue replaces one or all of the chlorine 
atoms. The products are dialkylized acid amides (B. 299 710). 

Thionyl chloride replaces both the hydrogen atoms in primary 
amines by the thionyl residue, with the production of thionylamines, 
the alkylized imidcs of sulphurous acid {Michaelis), which bear the 
same relation to sulphur dioxide that the isocyanic esters do to carbon 
dioxide. 

Nitrosyl chloride, NOCl, and nitrosyl bromide, NOBr, produce from 
primary amines alkyl cf lorides and bromides, with the formation of 
water and nitrogen ; under similar treatment secondary amines yield 
nitrosamines (C. 1898, IL 887 ; B. 40, 1052). 

The following arningement, taking diethylamine as example, affords 
a review of these reactions : 

^ Dithio-diethylamine. 

S— N(CaHB)a 

S <S /r ® Mono thio-dicthylamine. 

IN v^2.ri5;2 

SON (Cjlls) Thionyl- ethylamine. 

SO<^ (C^H J Thionyl-diethylamine. 

Sulphurjd- or Sulpho-diethylamine. 

IN [K. 2l~t5/2 

NO.N (CgHg) 2 Nitroso-dicthylamine. 

PClgN (CjHs) 2 Diethylamine-clilorophosphinc. 

POC'lgN (CgH b) 2 Diethylaminc-oxychlorophosphine, 

PO[N (Cjl Ifi) 2! 2 Tridiethylamirie-pliosphine-oxide. 

PSCljN (Cali 5)2 Diethylaminc-sulphochlorphosphine. 
BCI2N (CaHg) 2 Dicthylaminc-chloroboride. 

SiCl jN (Cali b) a Diethylamine-chlorosilicide. 

(2&) Primary and secondary amines behave like ammonia towards 
organic acid chlorides — e,g. acetyl chloride — forming mono- and di- 
alxyl acid amides. 

The reaction proceeds twice as fast in the case of the prftnary 
amines as in that of the secondary. 

Primary, secondary, and tertiary bases can be separated from 
each other by means of benzene sulphi^chloridfe, CflH6.S02Cl. In 
the presence of alkalis tertiary amines do 'pot react ; under similar 
conditions secondary amines yield insoluble 4i-alkylphcnyl sulphamides 
CaH5S02NR2, whilst primary amines forift mono-alkylphenyl sul- 
phamides CeH5S02NHR, yielding soluble sodium salts C0H5SO2.NNaR 
with aqueous sodium hydroxide, but which are insoluble when pro- 
duced by metallic sodium under ether. Dibenzene sulpho-alkyl amides 
(C6H5S62)2NR occur as subsidiary produi'ts which form similar 
sodium salts C5H5S02N.NaR when wanned with sodium alcoholate 
(B. 38,908; C. 1906, II. 15). ^ 

( 2 c) The primary and secondary amines react similarly with 
2,4-dinitro-bromobenzene or 2,4,6-trin:itrochloro-bcnzene as with 
acid chlorides (B. 1^, R. 540), giving riae to di- and trinitrophenyl 
alkyl- and di-alkylamines. 

(3) Primary and secondary amines cpmbine with many inorganic 
and organic acid anhydrides — e,g. sulphfur trioxide, acetic anhydride 
— to form amide-acids and add amides, i 


SCI f 

SCI 

SC12 >■ 

SOCl, 

S02C12 ■ ■ ^ 

NOCl ^ 

PC12 ^ 

POC13 < 

PSC13 -> 

J5C1, ^ 

SiCh ^ 
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(4) The behaviour of the amines towards nitrous acid is very < 
characteristic. Primary amines are changed, at least in part, by this 
acid into their corresponding alcohols (p. 104) : 

CjH 5 NHaH-N 0 . 0 H=C 2 H 50 H+Nj+H, 0 . 

This reaction corresponds with the decomposition of ammonium nitrite 
into water and nitrogen : 

# 

NH,+N0.0H=H20+N2+^20. 

Primary amines containing secondary alkyl groups sometimes 5deld 
tertiary alcohols under these conditions,, instead of the expected 
secondary alcohol. Nitrosyl chloride and bromicTe react with primarj^ 
amines and give rise to alkyl chlorides and bromides (comp. p. 161). 

Nitrous acid converts the secondary amines into nitroso-amines 
(p. 168) : 

(CH3) ,NH ^ NO.OH = (CHa) 2N.NO -f H ,0 

Niiroso'dimethylamine. 

whereas the tertiary amines remain unaltered or undergo decomposi- 
tion. Indeed, these reactions may be utilized in the separation of 
the amines, but naturally the primary amines are lost. 

(5) Another procedure, resulting in a partial separation of the amines, depends 
on their varying behaviour towards carbon disulphide. The free bases (in aqueous, 
alcoholic, or ethereal solution) are digested with CS2, when the primary and 
secondary amines form salts of alkyl dithiocarbaminic acid (q.v.), whilst the 
tertiary amines remain unaffected, and may be distilled off. On boiling the 
residue with HgCl2 or FeCla, a part of the primary amine is expelled from 
the compound as mustard oil (A. W. Hofmann, B. 8, 105, 461 ; 14 , 2754 ; and 
15 , 1290). 


(6) A marked characteristic of the primary amines is their ability 
to form carhylamincs (q.v.), which are easily recognized by their odq^^ 
(A. W- Hofmann, B. 3, 767). 


(7) By the action of Cl, Br, or I alone or in the presence of alkali hydroxide, 
primary and secondary aijiinrs yield alkylaminc halides (p. 167). 

(S) Alkyl magnesium halides (p. 185) react with primary and secondary 
amines, generating methane and forming RNHMgl and RjNMgl ; with tertiary 


amines a certain proportion of addition compounds is formed RjH<* 


(9) Oxidation produces varying results. Alkaline permanganate easily 
attacks all the amines ; acid permanganate is less active, but still oxidizes with a 
velocity of reaction varying according to the structure of the amines, and pro- 
duces ammonia, aldehyde, carboxylic acids and other bodies (B. 8, 1237 ; A. 345 , 

251)* 


In the presence of copper powder, oxygen acts on mcthylamine and ethylamlne, 
producing formaldehyde and acetaldehyde respectively, together with ammonia 
(B. 39 , 178). % 

The various classes of amines can be characterized by their behaviour with 
hydrogen peroxide and persulphuric acid (B. 34 , 2499 ; 86 , 701, 710) : 

(a) Primary amines, RNHj, and persulphuric acid yield various products 
according as R is a primary, secondary or tertiary alkyl radical. The first stage, 
however, in all cases is the formation of alkyl hydroxylSmines RNHOH (p. 171), 
which are further oxidized to varying results. Alkylamines with primary alkyl 

^ yield, together with other bodies, hydroxamic acids easily detect^ 
red colour obtained with ferric chloride ; alkylamines containing secondary 
groups give ketoximes (p. 153), and with tertiary alkyi groups yield nitroso- 
paraffins (p. 153). 
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, (6) Secondaty dunines R,NH yield duatkyl hydroxylamines R(N.OH with-- 
hydrogen peroxide. 

(c) Tertiary amines and hydrogen peroxide produce tri-alkyl aminoxy-hydraies 
R,N(OH), (p. t72). 

10. Tertiary amines not only form addition compounds with oxygen (tri-alkyl 
aminoxy-hydrates) and alkyl halites (tetra-alkyl ammonium halides) as described, . 

Cl 

but also with acid chlorides. Such a compound, is very labile, 

from which the acyl groyup is separated in the form of condensation products 
(B. 39 , 1631), or, when in.uresence of alcohols or amines, as acyl esters or acyl 
amines (B. 39, 2135), togcthVr with the formation of tri-alkylamine hydrochlorides. 

Cyanogen bromide also forms labile addition compounds with the trialkylamines, 
which immediately decompose into bromo-alkyls and dialkyl cyanamide, from 
which secondary amiiv:s can be produced. These reactions constitute a method 
of passing from the tertiary to the secondary amines (B. 38 , 1438). Similarly, 
hypochlorous acid and trimethylamine form dimethyl chloramine (CHs)sNCl 
(comp. B. 38 , 2154). 

Bromine and iodine also yield addition compounds with tertiary amines 
(B. 38 , 2715, 3^04). 


{a) Amines and Ammonium Bases with Saturated Alcohol Badicals 

(i) Primary Amines. — Methylamine, CH3.NH2, b.p. —6®, occurs 
in MeremiaXis perennis and annua, in bone-oil, and in the distillate 
from wood. It is produced from the methyl ester of isocyanic acid, 
by the reduction of chloropicrin, CCl3(N02), and hydrocyanic acid, 
and by the decomposition of various natural alkaloids, like iheine, 
creatine, and morphine. The best way of preparing it is by warming 
bromacet amide with potassium hydroxide (p. 159), or by the action 
of dimethyl sulphate (p. 158) on 10 per cent, ammonia at 0° (C. 1906, 
II. 171T). 

, Methylamine is a colourless gas, with an ammoniacal odour. Its combusti- 
bility in the air and the lack of solvent action of its aqueous solution on the 
oxides of cobalt, nickel, and cadmium distinguish it from ammoma. At‘i2® one 
volume of water dissolves 1150 volumes of the gas. Anhydrous mhium chloride 
absorbs considerable quantities of methylamine (C. 1898, II. 970), which also 
unites with silver chloride to form CIIjNHj.AgCl (C.*’i8fj7, I. 1156). 

Methyl ammonium chloride, m.p. 210". Methyl ammonium picrate, m.p. 207*, 
dissolves with difTiculty. 


Ethylamine, C2H6.NH2, m.p. —84®, b.p. 18®; 03=0-696, is a 
mobile liquid, which mixes with water in all proportions (B. 33 , 
638). It expels ammonia from ammoniacal salts, and when in excess 
redissolves aluminium hydroxide ; otherwise it behaves in every 
respect like ammonia. Highly heat^ with potassium it becomes 
converted into potassium ethylamine CgHsNHK (C. 1897, I. 1157). 

Propylamine CaH,NH„ b.p. 49®. Isopropylamine CjHyNH,, b.p. 32®, occurs 
in whitc-thom. It is prepared by reduction of acetoxime (CHa)C:NOH (p. 158) 
(B. 20 , 505)- * 

li.-Butylamine b.p. 76®, and Isobutylamine, b.p. 68®, occur in fer- 

mentation butyl zdcohol. ^cc.-Butylamine CjHaCH(CH8)NHj, b.p. 63®, is 
obtained in its dextro-rotutory form 7*44® from the oil of Cochlearea ojficinaUs 

(B. 36 , 582). Teit.-Butylamine, Trimethyl Carbylamine, b.p. 43®. n.*Amylamifia 
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b.p. I03*. Isoamylamine (CHs),CHCHjCH^H,, b.p< 95*. is 
obtained when leucine is distilled with alkali hydroxides. It is miscible with water 
and bums with aluminous flame. Active Amylamine C9H5CH(CHJCHNH|, 
b.p. 96®, [o]d — 5*86®, is produced from optically active amyl alcohol (p. 120) by 
means of amyl phthalimide (B. 37 , 1047). i,i^DimethyU^-aminohiiiane 
(CH,),C.CH(NH2)-CH9. b.p. 103®, is obtained from pinacoline oxime (C. 1899, II. 
474). Diethyl Carhylamine (CjHjjaCH.NHj, b.p. 90®. Di-n.-propyl Carbylamine 
(C3H7)9CH.NH2, b.p. 130®, Diisobutyl Carhylamine (C4H7)2CH.NHa, m.p. 166®, 
result from the corresponding ketoxime by reduction with sodium and alcohol 
(B. 27 , R. 200). n.-Nonylamine C2Hj2.NH2, b.p. is already soluble with 

difficulty in water. n.-Undecylamine CHafCHjJioNH,, m.p. 15®, b.p. 232®. 
^•‘Amiuononane, b.p.u 69®, and a-Aminoundecane, b.p. 22 zi4’*f are obtained 
from heptyl and nonyl methyl ketoxime (B. ^6, 2554). n,-Pentadecylamine 
CH2[CH2]icNH 2> m.p. 36®, b.p. 299® (C. 1899, II. 363) is pioduced from the corre- 
sponding acid chloramides (p. 160). 

(2) Secondary Amines. — ^The secondary amines are also design 
Dated imide bases. 

Simple Secondary Amiifbs: Dimethylamine, NH(CH3)2> b.p. 72°, 
is most conveniently obtained by boiling nit rosodimethyl aniline or 
dinitrodimethylaniline with potassium hyclroxide (A. 222, 119). It 
is a gas that dissolves readily in water. It is condensed to a liquid by 
the application of cold. 

* Diethylamine, NH(C2H5)2, b.p. 56°, is a liquid, which is readily 
soluble in water ; hydrochloride, m.p. 76° ; picratc, m.p. 155®. 

Di-n.-propylamine, b.p. 110®. Diisopropylamine, b.p. 84® (B. 22 , R. 343). 
Mixed secondary amines are produced by methods 3a and 36. Methyl EthylaminCt 
b-p. 35®. Methyl n.-Propylamine, b.p. 63®. Methyl n.-Butylamine, b.p. 91®. 
Methyl n.^Hepiylamine, b.p. 171® (B. 29 , 2110). 

(3) Tertiary Amines. — ^These are also called nitrile bases, to dis- 
tinguish them from alkyl cyanides or acid nitriles. 

Trimethylamine, N (0113)3, b.p. 35°, is isomeric with ethyl methyl- 
amin^, C2H5.NH.CH3, and the two propylamines, C3H7.NH2. It Is 
present in kerring-brine, and is produced from betaine {q.v.). It is 
prepared from herring-brine in large quantities, and also by the 
distillation of the "yinusses." It is conveniently obtained by heating 
'ammonium chloride with formaldehyde (p. 158). Its penetrating, 
fish-hke smell is characteristic. Hydrochloride, m.p. 271-275® ; 
picrate, m.p. 216®, is sparingly soluble (B. 29 , R. 590). 

Trlethylamine, N(C2H5)3, b.p. 89®, is not very soluble in water. It is 
produced by heating ethyl isocyanate with sodium ethoxide : CO : N.C2H2+ 
2C2H2.0Na =N(C2H,) , +CO,Na2. 


(4) Tetraalkyl Ammonium Bases. — Whilsj; neither ammonium 
hydroxide nor mono-, di-, oi^ tri-alkyl ammonium hydroxides have 
been prepared, yet, by the addition of the iodo-alkyls to the tertiary 
amines, tetra-alkyl ammonium iodides are produced ; these, when 
treated with moist silver oxide, yield the alkyl ammonium hydroxides : 

N(C2H,) 4I + AgOH =N(C2H J4.OH 4*AgI. 

In the interaction of a methyl alcohol solution of tetramethyl 
snnmonium chloride with a similar solution of potassium hydrox- 
ide, KCl is precipitated, and tetramethyl ammonium hydroxide 
(CHs)4NOH, is |ormed. It exists as a pentahydraiet m.p. 63®, a 
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trUiydrate, m.p. 6o®, and a monohydrate, which breaks down into tri- 
methylamine at 130-135° (C. 1905, II. 669). 

These hydroxides are perfectly analogous to those of potassium 
and sodium. They possess a strong alkaline reaction, saponify fats, 
and deliquesce in the air. They crystallize when their aqueous solu- 
tions are concentrated in vacuo. With the acids they yield ammonium 
salts, which usually crystallize well. 

On exposure to stror^ heat they break down into tertiary amines, 
and alcohols or their decomposition products (C„H2n and HoO) : 

N(C,H,)4.0H=N(C,H,),+C,H4-fHA 

This reaction has acquired special significance because of its appli- 
cation in the decomposition of bases of ring-formation (see piperidine 
or pentamethylcne imide). 

Tetramethyl Ammonium Iodide, Tetramethylium Iodide, N(CH3)4l, 
and Tetraethyl Ammonium Iodide, Tetraetliylium Iodide, N(C2H5)4li 
are prepared from trimethylaminc and iodomethanc, and iodoethane 
and triethylamine respectively ; they consist of white prisms when 
crystallized from water or ‘alcohol. 

Other salts of the tetra-alkyl ammonium bases are only obtained 
with dilhculty from the tri-alkylamincs by addition, although some- 
times the reaction of tertiary amines with dimethyl sulphate can 
be used with advantage for preparing method sulphuric acid salts 
R3C(CH3)0S03CH3. The chlorides can be obtained by the action of 
silver chloride on the iodides. 

V 

Iodine Addition Products — (CjHdANI.al,, and addition pro- 
ducts containing even more iodine molecules, are precipitated by iodine from 
the aqueous solutions of the tetra-alkylium iodides, e.g. tetraethylium iodide. 

Of the numerous compounds belonging here we may mention : 

Dimethyl Diethyl Ammonium lodids, (CIl2)o(r.H5)2Nl, is obtained from di- 
methylamine and ethyl iodide, and from dielhylaminc and methyl iodide, 
methods of formation which should give rise to two substances havipg as 
constitutional formula; : 

(CHaKCHsKCjHdN.C^H.I and (C«H5)(C2ll6)(CII,)X.CII,I. 

These two compounds, however, are identical (A. -ISO, 17^). Tlicse facts, 
together with the exist' ncc ;ind properties of tetra-alkyl ainmot.ium hydroxide, 
show that the ammonium compounds are not molecular derivatives, as formerly 
assumed (the above formulae arc only intended to exhibit the dilierent manner 
of formation), but represent true atomic compounds. 

On the equivalence or the contrary of the live valencies of nitrogen in ammo-’ 
nium compounds, see Le Bel, B. 23 , R. 147. On tlie asymmetry and optical 
activity of tetra-alkyl ammonium compounds in which tlie sul>stitiiting groups 
consist of four different monovalent alcoholic radicals, sec B. 24 , K. 441 ; 82 , 
3508 ; 33 , 1003. 


{b) Unsaturated Amines and Ammonium Bases 

Vinylamine, CH,=CH.NH„ has not yet been prepared. The previously 
* 

ascribed compound is in reality ethylene imide I /NH. 

ch/ 

Trimethyl Vinyl Ammonium Hydroxide or Neun’ne, CH 2 =CH.N(CHs) 30 H, is 
described after glycol with choline {q.v.), to which it is intimately related. 

Allylamine, CHfSsCH.CHj.NH,, b.p. 58®, is best obtained from mustard oil 
(^.v.). by boiling it with 20 per cent, hydrochloric acid (B. 30 , 1124). 

Isodllylamine, Pvopenylamine, CH,.CH=CHNH,, b.p. 67®, is produced by 
the action of potassium hydroxide on j9-bromopropylamine (B4.2O9 2747)- 
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Undecenylamine, CnH,iNH„ b.p. 239®, and higher homologues, see B. 83 , 
3380. 

Dimethyl Piperidine, Pentallyl Dimethylamine, CH,=CH.CH2.CH2.CIJj.- 
NfCHa),, b.p. 117-118®, is a decomposition product of piperidine (q.v). This 
and similar bases unite with hydrochloric acid, and when heated yield ammo- 
nium chlorides of pyrrolitoe bases (A. 278 , i). 

Propargylantine, CH=C.Cri2NH2, is prepared from dibromallylamine, 
CH 2 Br.CH 13 r.CH 2 NH 2 , and potassium hydroxide. It is probably a gas in a free 
condition, but it can only be obtained in alcoholic solution or in the form of 
salts (B. 22 , 3080). # 

The following paragraphs, (c) to (A), deal with the alkylamine derivatives of 
inorganic acids, whilst the corresponding compounds of the carboxylic acids will 
be described with these later. 

0 

{c) Alkylamine Halides 

These bear the same relation to NCI 3 and NI, as the alk^laraines to ammonia. 
The alkylamine chlorides and bromides may also be regarded as the amides of 
hypochlorous and hypobromogas acids. Such derivatives arc produced by the 
action of chlorine, bromine, or iodine, alone or in the presence of alkali hydroxides, 
on primary and secondary amines (B. 8, 1470 ; 9 , 146 ; 16 , 55S ; 23 , li. 386 ; 
A. 230 , 222), as well as by the transposition of acetodxbromamide [q^v.) with amines. 
When saponified they yield hypochlorous, hypolJromous, and hypoiodous acids 
(B. 26 , 985) : 

CH,CH,CH2NH2 ^ CH3CH2CH2NHCI )-CHaCH2CH2NCl2 

(CH,CH,CH2)2NH (CH3CH2CH2)2NC1. 

The primary alkylamine monohalides are less stable than the dihalides and 
the secondary halogen-amines. 

M ethyl Dtchlor amine, CH jNCl2. b.p. 58-60®, is prepared from methyl ammonium 
chloride and bleaching powder. It is a strongly smelling oil, exploding violently 
when heated. It forms diazomethane with hydroxylaminc (p. 213 ; B. 28 , 1682). 
Methyl Diiodamine, CH8NI2, is garnet-red in colour. Dimethyl lodamine, (CH3)2NI, 
is sulphur-yellow in colour. Ethyl Dichloramine, CjHsNCla, b.p. 88®, is a 
strongly smelling, unstable oil (B. 32 , 35^2). Propyl Chloramine, C 8 H,NHC 1 , 
volatilizes with decomposition. Propyl Dtchlor amine, CgllyNClg, b.p. 117®, is a 
yellow oil. Dipropyl Chloramine, (CjHJgNCl, b.p. 143°, etc. (B. 8, 1470;^ 9 , 
146 :• 16 , 558 ; 23 , R. 386 ; 26 , R. 188 ; A. 230 , 222). 

Secondaiy' chloramines give up hydrochloric acid in the presence of alkalis 
and change to the alkyl imides of the aldehydes, which take up water in acid 
solutions forming a primary amide and an aldehyde ; 

(CH,)2CH.CH2v * koh (CHgJgCH.CH. HgO (CH,)2CH.CHO 

>NC 1 -> ^ 

(CHa)2CH.CH2^ (CHjjgCH.CH,/ (CHsJgCH.CHg.NHg. 

This reaction can be employed for the identification of secondary amines (C. 

1897. I. 745). 

Nitriles result when the dibromides of the higher primary alkylamines are 
treated with alkalis. 

Sulphur Derivatives of the Alkylamines 

1. Thlodlalkylamines, Thiotc^alhyl Diamines, result from the action of SClg 

on dialkylamines in ligroin solution. Thiodiethyl(unine, S[N(C2H5)2]a. ^ 7 * 

(B. 28 , 575). • 

2. Dlthiotetralkylamines, Dithiotetralkyl Diamines, result from the action 01 
SjClg on dialkylamines in ethereal solution. DithiodU^ethylamine, S2[N(CH3)2]*, 
b.p.88 82®. Dithiodiethylamine, b.p.gg 137^* ( 1 ^* 28 , i66). 

3. Alkyl-thionylamines, alkylated imides of sulphurous acid, are formed when 
thionyl chloride (i mol.) acts on a primary amine (3 mols.) in ethereal solution 
{Michaelis, A. 274 , 187) : 

3C^fNH,-f SOCl| * CH,N=S 04 - 2 CH NH3.HCI. 
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I Th^ members of the series with low boiling points are liquids with ^Mneteting 
odour, and fume in the air. Water decomposes them into SO, and the primary 
amine. Thionyl Methylamine, CH5NSO, b.p. 58-59®. Thionyl Ethylamtne, b.p. 
70-75®. Thionyl Isobutylamine, (CH,),CH.CHa.N : SO, b.p. 117®. 

4. Thionyl Dlalkylamines, Thionyl Tetralkyldiamines, are formed when thionyl 
chloride acts on the ethereal solution of the dlalkylamines. Thionyl Diethyl- 
amine, OS[N(C,H5)a]„b.p.2, 118°, corresponds in its composition with tetraethyl 
urea (B. 28 , 1016). 

5. Thionamic Acids are the products resulting from the interaction of sulphur 

dioxide and primary aminc.S|: ethyl thionamic acid, CaH^NH. 80 , 11 , is a white 
hygroscopic powder. \ 

6. Alkyl Sulphamides and Alkyl Sulphaminlo Acids. Sulphamides, e.g. 

SOa<S/SS®\*. are formed by the action of sulphuryl chloride, 50 , 01 ,, on 
** . , • 

the free secondary amines, w’hereas their chlorides, SO,<qj • result when the 
HCl>salts are employed. Water converts the chlorides into sulphaminic acids. 
SO,<Q^* (A. 222 , iiSy. SO, reacts similarly with the primary and secondary 
amines, forming mono- and dialkylsulphaminic acids (B. 16 , 1265). 

(e) Phosphorus Derivatives 0! the Secondary Alkylamlnes (B. 29 , 710) 

• 

1. Dialkylamlnochlorophosphines are prepared by the action of phosphorus 
trichloride on the dlalkylamines. They arc liquids which give off fumes in the 
air, and possess an irritating odour. Diethylaminochlorophosphine, (C2H5)aN.PCl,, 
b.p. 14 73®. Diisohutylaminochlorophosphine, m.p. 37®, b.p. ,4 116®. 

2. Dialkylaminoxychlorophosphines are obtained by the action of phosphorus 
oxychloride on secondary amines in aqueous solution. They are stable bodies, 
possessing a camphor- or pepper-like odour. Diethylaminoxychlorophosphine, 
(C,Ha)aN.POCla, b-p.^, 100®. Di-n-propylaminoxychlorophosphine, b.p.go 170®. 
Diisobutylaminoxychlorophcsphine, m.p. 54®. 

3. Dlalkylamlnosulphocholorophosphines are formed when phosphorus sulpho- 
chloride acts on dlalkylamines. They can te distilled in steam, and smell 
like camphor. Diethylaminosulphochlorophosphine, (CaH5)2N.PSCl,, b.p.^, 100®. 
Dipropylaminosulphochlorophosphine, b.p.,, X33®. Diisobutylaminosulphochlofo^ 
phosphine, b.p.i, 150°. 

(/)* (A) Arsenic, Boron, and Silicon Derivatives of the Secondary Amines 

(B. 29 , 714) ^ 

Diisobutylaminochlor arsine, (C4Ha)3N.AsCla, b.p.j, 125®. 

Diethylaminochloroborine, (C,H5)aN.BCl„ b.p. 142®. 'Fumes strongly in air. 
Dipropylaminochloroborine, b.p. 44 99°. Diisobutylaminochlor obortne, b.p. ^ j 93®. 

Diethylaminochlorosilicine, (C,H5)2N.SiCl3, b.p.go 104®. Diisobutylamino^ 
chlorosilicine, b.p. 3, 122°. 

The chlorarsincs, chloroborines, and chlorosilicines of the secondary bases are 
prepared in the same way as the chlorophosphines from the corresponding 
chlorides. 


(t) Nltroso-amlnes 

All basic secondary amines (imides), like (CHa),NH and (CaH5),NH, can be 
converted into nitroso-aminet (nitrosaminas) by the replacement of the hydrogen 
of the imide group. They are obtained from tj^e free imides by the action of 
nitrous acid on their aqueous, ethereal, or glacial acetic acid solutions, or by 
warming their salts in aqu^our or acid solution with potassium nitrite (p. 163) 
(B. _ 9 , in). They are mostly oily, yellow liquids, insoluble in water, and maybe 
distilled without decomposition. Alkalis and acids are usually without efiect 
upon them ; with phenol* and sulphuric acid they give the nitroso-reaction. 
When reduced in alcoholic solution by means of zinc dust and acetic acid they 
become converted into hydrazines (p. 169). Boiling hydrochloric acid decom- 
poses them into nitrous acid, and dlalkylamines. 

Dimethyl Nitrosamine, Nitrosodimethyline, (CH,),N.NO, b.p. 148®. 

Diethyl Nitrosamine, Nitrosodiethyline, b.p. X77** 
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(k) Nitramlnes 

• 

axe produced by the action of concentrated nitric acid on various amide de- 
rivatives of the primary amines, e g their urethanes or oxamides, from which 
the free mono-alkyl nitramincs may be obtained by splitting off ammonia 
(B 18 , R. 146 . 22 , R 295 . C. 1898. 1 . 373) : 

CHjNHCOjCH, ^ CH,N(NOJCOjCH, ^ CH3NH NO, 

. or CH,N:NOOH. 

One hydrogen atom in the monoalkyl mtramino molecule is replaceable by an 
alkali metal, rendering the second formula RN : NOOH the more probably 
correct As in the alkali salts of the nitroparaihns (p. i (9) the metal is united to 
an oxygen atom forming a compound of the type RN : N()OMe. -By the reaction of 
the potassium alkyl nitramincs with the haloid alkyl compounds, there are pro- 
duced the corresponding dialkyl nitramincs, which yield unsym -dialkyl hydrazines 
by reduction with zinc dust and acetic acid 

Methyl Nitr amine CHsNH NO^, m p 3S®. Ethyl Nitr amine m.p. 3®. Potas- 
sium ethjd nitramme and lodomcthane \ield N-methyl ethyl mtramme (see below). 
Propyl NiUaminc^ b p.,, 0~Me1hvl I thyl Isonitramine, CjH, N : NO,CH„ 

b P 20 37 ° (C- i8q 8, I. 374) IS prepared from silver ethyl nitramme. Butyl 
Nitramme, sec B 28 , R 105S. 

Simple N-Dialkyl Nitramines : Dimethyl Nitramme, (CH8),N.NO„ m.p. 58®, 
b.p 187®, IS produced, together with an isomer, bp 112®, by the distillation of 
monomethyl nitramme (13 29 , R 01^) as well as upon treating dimethylanune 
and nitric acid with acetic anhydiide (B 28 , 402), from monomethyl nitramme 
and potassium nitrite (C 1898 II 477), and with diazomethane (B. 80 , 
646) Diethyl Kitramine, bp 206° Dipropyl Nitramme, bp 77®. Mixed 
Nitramines: Methyl 1 thyl Nitramme, bp 190®. Methyl Propyl Nitramme, b.p. 
1 1 5®. Methyl Butyl Nitramme, m p -fo 5® (B 29 , R Methyl Allyl Nitra^ 

mine, b p i,. 95°. is obtained, togcthei with an isomer, b p.,, 51®, by the inter- 
action of potassium methyl nitramme and allyl bromide. 


The alkyl hydrazines, alkyl diazo-compounds, alkylazides, and 
diazoainino paraffins (sections I, m, n, 0), foim classes of substances 
analogous to those which weie fiist prepared and investigated in the 
aromatic series of organic compounds, where they exercised a ^eat 
influence on tlic development of that section of chemistry (Vol. II.). 

The analogy is seen in the following comparative lists : — 


Methyl Hydrazme .• . CII3NH NH, 

Potassium Diazomethane CII,N ; NOK 


C.H, NH.NH, Phenyl Hydrazme. 
[CgH, NCI : N Diazobenzene Lhlonde. 
'C,H,N : NOK Potassium Diazoben- 
zene. 


Methylazide 

Diazoammomethane 


CH,N^|| 
CH,N.N NHCH, 


C,H,N<|| 


Phenyl Diazoimide. 


C,H,N:N.NC,H3 

Diazoammobenzene. 


^ (0 Alkyl HydnzlneB 

• • 

Just as the amines are derived from ammonia, so the hydrazines 
are derived from hydrazine or diamide, H2N.>^H2, which can itself be 
obtained by the sphtting up of diazoacetic acid (q.v.) or a mino - 
guanidme (^.v.). 

(i) If lodomethane acts on a cold aqueous solution of hydrazine, there are 
formM monomethyl hydrazine and unsym.-dimetitiyl hydrazme , with an excess 
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iodcAnethane in the presence of alkalis, the final product is trimethyl hydra- 
zonium iodide (B. 81 , 56) : 

NH,.N(CH3)a -—V NH,.N(CHJ,I. 

Monoalkyl hydrazines also result by the heating of salts of alkyl sulphuric acid 
with an aqueous solution of hydrazine (B. 34 , 3268). 

(2) Mono-alkyl and sym.-dialkyl urea, acted on by nitrous acid, give rise to 
nitroso-compounds which in'ljirn yield hydrazine derivatives of urea (alkyl 
semicarbazidcs) on reduction. ^These are decomposed by boiling with alkailis or 
acids into alkylamine, CO3 and monoalkyl hydrazine : 

CHjNH.CO hno, CH3NH.CO . H CHaNH.CO HoO CHaNHa-hCO* 

I ^ ^ I ^ I ^ 

CHjNH CH3N.NO CH3N.NH3 -l-CHaNH.NH*. 

(3) unsym.-Dialkyl Hydrazines, on reduction with zinc dust and acetic acid, 
yield dialkyl nitrosamincs (p. 16&) or dialkyl nitramincs (B. 29 , R. 42^1) : 

(CH3)aN.NO -h4H = (CH3)aN.NH3M-H30. 

Monoalkyl hydrazines are also obtained by reduction of the monoalkyl nitra- 
mines (p. 16^9). 

M sym.-Oialkyl Hydrazines are formed by the action of iodoalkyls on the 
vlead or potassium salts of diformyl hydrazine, CHO.NH.NH.CHO, and the sub- 
sequent hydrolysis of the diformjd compound (B. 27 , 2279 ; 31 , 02 ; 39 , 3261). 

(^h) Further, by heating pyrazolc or pyrazolon (Vol. II.) with iodoalkyls and 
decomposing the resulting alkyl pyrazolc iodoalkylate with aqueous potassium 
hydroxide (B. 39 , 3257, 3267) : 

^CH=N(CH,)I koh HNCH, 

CH I ^ I 

. NCH, HNCH, 

The mono-alkyl hydrazines reduce Fehling*s solution ki the cold, and the 
dialkyl hydrazines when warmed. This behaviour differentiates them from the 
amines, which they otherwise resemble closely. 

Mfthyl Hydrazine, CH3.NH.NH2, b.p. 87“, is a very mobile liquid. Its odour 
is like t^t of methylamine. It absorbs moisture and fumes in the air (B. 22 , 
R. 670). 

Ethyl Hydrazine. (C,H,)HN.NH„ b.p. ioo». 

When ethyl hydrazine is acted on by potassium pyrosulphatc, potassium 
ethyl hydrazine sulphonate, CjHg.NH — NH.SO3K, is formed. Mercuric oxide 
changes this to potassium diazoethyl sulphonate, CjHg.N =N.S(53K. 

sym. -Dimethyl Hydrazine, CH3NH.NHCH3, b.p. 81°, forms salts with mono- 
and di-basic acids. sym.-Diethyl Hydrazine, b.p. 85°. 

unsyjn.-Dimethyl Hydrazine, (CH,)2N.NH2, b.p. 62®, and \\nsym,-Diethyl 
Hydrazine, b.p. 97®, arc mobile liquids, possessing an ammoniacal odour ; they arc 
soluble in water, alcohol and ether. Thionyl Diethyl Hydrazine, (C2H5)2N.N : SO, 
b-P-to 73 * (B. 26 , 310). 

Trimethyl Hydrazonium Iodide, NH2-N(CH3)3l, m.p. 235®, with decomposition, 
resembles tetramethyl ammonium iodide. Moist silver oxide liberates the 
strongly alkaline tetramethyl* hydrazonium hydroxide, NH2N(CH 3)301-1; this 
consists of hydroscopic crystals, which are partially decomposed on distillation 
into unsym.-dimethyl hydrazine and methyl alconol. Heating with lodomethane 
breaks down the molecule^ inti' tetramethyl ammonium iodide, nitrogen, and 
hydrogen. Tetraethyl Hydrazonium Iodide is prepared from diethyl hydrazine 
and iodoethane (A. 199 , 318 ; B. 31 , 57). 


(m) Alkyl Dlazo-Compounds 

Potassium Diazoethane Sulphonate, CsHgN^N.SOgK {q.v,), obtained from 
potassium ethyl hydrazine sulphonate, and the potassium salt^ol diazomethane 
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or methyl azoic acid (CHgN =N.OK), prepared from diazomethaae (p. 2x3) ar/ 
two representatives of this class of compounds. 

(n) Alkyl Dlazolmldes 

Methyl Diazoimide, Methylazide, CH3.N3, b.p. 20®, 0^5= 0-869, is the methyl 
ester of hydrazoic acid, and is obtained from the sodium hydrozoate NaN, and 
dimethyl sulphate in alkaline solution. It explodes violently above 500® (B. 88, 
1573 )- # * 


(0) Dlazoamlno Paraffins 

Diazoamino-methane, Dimethyl CH,N .»N.NHCH„ m.p. —12®, 

b.p. 93®, is a colourless liquid, having an odour resembling alkaloids. It is 
poisonous, it dissolves in water, and explodes violently on sudden heating. Its 
magnesium salt is produced from methyl azide and methyl magnesium iodide : 



+CH3MgI =CH3N(MgI)N:NCH,. 


This substance is decomposed by water. • 

The silver compound C'H3N2.NAgCH3 exists as colourless needles, and the 
copper compound CH3N2.NCu(CH3) as yellow crystals (B. 39 , 3905). Diazo- 
amino methane is very easily decomposed by acids, evolving nitrogen and splitting * 
into methylamine and a methyl ester ; 

CH,N:NIICH3 ^ 2 HC 1 =CH,C 1 -|-N 3 CH,NH 3 .HC 1 . 


(p) Tetra-alkyl Tetrazones 

When mercuric oxide acts on uii'^ym -diethyl Hydrazine, (C,H5)2N.Nll2. 
tetraethyl tetrazone, N : N.N(C2H5)2, is formed. This is a strongly 

basic liquid with an alliaceous odour. 

Methyl Butyl Tetrazone, b.p. 19 121® (B. 29 , R. 424). 

{q) Alkyl Hydroxylamines 

The entry of one alkyl group into hydroxy lamine produces two isomeric 
forms : 

NHa.aCHj and CH3.NH.OH. 

a-Meth>^-hydioxylamine. ^-Mcthyl-hydroxylamlne. 

The derivatives of both varieties are obtained from the isomeric benzaldoximes 
(q.v.). The j8-compounds are formed from syn-meta-nitrobenzaldoxime by 
alkylization with sodium alcoholate and an iodoalkyl, together with the subse- 
quent separation of the ether bj^ means of concentrated hydrochloric acid (B. 23 , 
599 : 26 , 2377, 2514). fl-Derivatives result from the breaking down of alkyl benz- 
hydroxamic esters. The j3-coinpounds are intermediate products in the reduction 
of the nitro-paraffins with stannous chloride, or, better, with zinc dust and water 
(B. 27 , 1350), and can also be prepared by electrolyse reduction (C. 1899, II. 200). 

Alkyl hydroxylamines also Occur as intermediate products during the oxidation 
of primary amines with pcrnftnosulphuric acid, HjSOj, but they are mainly 
oxidized further to aldoximcs, hydroxamic acids, ketoximes, nitroso- and nitro- 
compounds (p. 164). • • 

Alkylation of hydroxylamine results essentially in the formation of j8-dialkyl 
hydroxylamines, which in turn lead to the formation of the hydriodic acid salts of 
the trialkylamine oxides (p. 172). • 

H-Dialkyl hydroxylamines are also formed during the oxidation of the dialkyl- 
amines (B. 34 , 2499). They further result by treatment with water of the re- 
action products of zinc alkyls or zinc or magnesium alkyl halides on alkyl nitrites, 
nitro-paraffins (J. pr. Ch. [2] 03 , 94. i93 ; B. 40 , 3065) and diphenyl nitrosamine 
(B. 83 , 1022). ^During the course of the last three reactions the following 
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iikennediate products are probably formed, if we take as examples ethyl 
nitrite, nitroetnane (in the acid form) and diphenyl nitrosamine with zinc ethyl : 

97nic H ^ CjHjZnOv 

OiNOCjH, ^ >N.C,H,+C,H5ZnOC,H,. 

C# 

-Vij/r” XT ) CjHjZnOv 

H00N=CHCH3 >N--CH< H-C,H,+ZnO. 

c,h/ \c,h 

‘ C H 

0 :N.N(C,H,), * *'^N.OZnN(C,H,),. 

CaH 5 

jS'Dialkyl hydrdxylamines are conveniently prepared by the action of nitric 
oxide on magnesium alkyl iodides in solution in ether (B. 36 , 2315). 

2NO,+4C,H5MgI ^ 2(C,H5),NbMgH-MgO+MgI,. 

Reduction changes the j 3 -dialkyl hydroxylamines into dialkylamines ; when 
sulphurous acid is employed they are converted into dialkyl sulphaminic acids 
(B. 88, 159). See further under Trialkylamine oxides. 

a-Methyl Hydroxylamine, M ethoxy lamine, NH^.O.CHj, yields a hydros 
chloride, m.p. 149°. It differs from hydroxylamine in that it does not reduce 
alkaline copper solutions. 

orEthyl Hydroxylamine, Ethoxylamine, NHj.O.CjHj, b.p. 68®. 

p-Methyl Hydroxylamine, CHa.NH.OH, m.p. 41®. b-p.^e 61® (P. 23 , 3597 ; 
24,3528; 25,1716; 26,2514). 

P'Ethyl Hydroxylamine, m.p. 59®. 

p-Diethyl Hydroxylamine (C2H5)aN.OH, b.p.jg 76®. 

P-Dipropyl Hydroxylamine, (C3li7)jN.OH, m.p. 29®, b.p. 150®. 

Ethyl-sec. Butyl Hydroxylamine, C2H5N(OH)CH.(CIl3).CjHg, b.p. 155®, 
prepared from nitroethane and zinc ethyl, was previously thought to be triethyl- 
amine oxide (C. 1901, I. 1146 ; II. 185). 

a p-Diethyl Hydroxylamine, CjHjNHOCjHg, b.p. 83®, and Triethyl Hydroxyl- 
amine, (CaH5)2NOC2Hg, b.p. 98®, are formed by the action of CgHgBr on ethoxyl- 
amine (B. 22 , R. 590). 


(r) Trialkylamine Oxides 

OH 

These are obtained as salts of hydriodic acid, RaN<[j by the action of iodo- 

alkyls on hydroxylamine and the intermediate )8-dialkyl hydroxylamines ; also 
by oxidation of the trialkylamines by HgOg (B. 34 , 2499). ' The free oxide is un- 
known, but the corresponding hydrate, a deliquescent body, has been obtained, 
as in the case of the hydrate of Triethylamine Oxide Hydrate, (Call g) 3N (OH ) ^ The 
trialkylamine residue plays a similar part to that of a metal of the alkali earths in 
the corresponding hydroxides. The trimethyl compound is decomposed by heat 
into dimethylamine and formaldehyde, whilst the Tripropylamine Oxide Hy dr aieys 
broken up into / 5 -dipropyl hydroxylamine and propylene. Sulphurous acid 
converts it into tri propylamine when heated ; in the cold it forms an addition 
.SO, 

product (C,H7)3N<' I , m.p. 159®, which is deposited as tiny crystals possessing 
a silky sheen (B. 34 , 2501). ,1' 


(s) Nltro^o-jS-alkyl Hydroxylamines 

A member of this class of bodies was probably discovered by Frankland, smd 
described under the name of Dinitro ethylic acid. It is prepared by the action 
of NO on zinc ethyl and the subsequent decomposition by water of the addition 
compound formed, and is designated as nitroso-p-ethyl hydroxylamine (B« 88, 
1024) : 


CH,CH,N< 




NO 


\>ZnCgH, 


yNO 

> CH,CH3N<^^ 
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Similarly a salt of nitfoso^fi-meihyl hydroxylcmine is prepared £roa NO^ 
which reacts according to the constitutional formula O : H — ^N:0— and magnesium 
methyl iodide in solution in ether : 

2NO+CH,MgI=CH,N<NOgj 

which gives the Liebermann nitroso-reaction, and yields a well crystallized copper 
salt, (CH,N, 0 ,),Cu+iH, 0 . 


6. PHOSPHORUS DERIVATIVES OF THE ALCOHOL RADICALS 

A. PHOSPHORUS BASES OR PHOSPHINES AND ALKYL 
PHOSPHONIUM COMPOUNDS 

Hydrogen phosphide, PH3, has slight basic properties. It unites 
with HI to form phospjionium iodide, wliich is resolved again by water 
into its components. The phosphorus bases or phosphines, obtained 
by the replacement of the hydrogen of PH3 by alkyls, have more of 
the basic character of ammonia and •approach the amines in this 
respect. The basic character increases with the number of alkyl 
groups. ’ 

(i) They are oxidized very energetically on exposure to the atmo- 
sphere, usually with spontaneous ignition ; lienee they must be prepared 
in the absence of air. Moderate oxidation with nitric acid converts 
the primary pliosphines into alkyl phosphoric acids, the secondary 
phosphines into alkyl phospho-acids, whilst the tertiary phosphines, 
in tlie presence of air, pass into alkyl phosphinic oxides : 

Ethyl Phosphine : CjIIjPH, >■ C3H5PO(OH), — Ethyl Phosphoric Acid. 

Diethyl Phosphine: (CjHjIjPH ^ (CjH5),PO(OH) — Diethyl Phosphinic Acid. 

Triethyl Phosphine : — Triethyl Phosphine Oxide. 

• (2) They combine readily with sulphur and carbon disulphide (B. 25 , 2436) ; 
also with the halogens. 

(3) The primary phosphines, are, like PH,, feeble bases. Their salts, such 
as PH4T. are decomposed by water. Potassium hydroxide is required for the 
decomposition of the salts of the secondary and tertiary phosphines. 

(4) The tertiary phosphines combine with the alkyl iodides to form tetra- 
alkyl phosphonium iodides. These are just as little decomposed by potassium 
hydroxide as the tetra-alkyl ammonium iodides. Moist silver oxide liberates tetra- 
alkyl phosphonium hydroxides from them ; these, like the tetra-alkyl ammonium 
hydroxides, arc stronger bases than the alkalis : 

P(CHj, ^ P(CH,).i -:^*2 !E_-vP(chJ40H. 

Thinard (1846) discovered the tertiary phosph^es, and /f . W, Hofmann (1871) 
first prepared the primary and secondary phosphines (B. 4 , 430). 

Formation. — (i) By the reaction between alkyl iodides and phosphonium 
iodide for six hours in the presence ot certain metallic oxides, chiefly zinc oxide, 
at 150®. The product, in the case ol ethyl iodiae, as a mixture of 
and P(C,H,),H.HI, the first of which is decomposed by water. The Hl-salt of 
the diethyl phosphine is not affected, but by boiling the latter with sodium 
hydroxide, diethyl phosphine is set free {A . W. Hofmann) : 

2PH4I f2C,n,I f Zn0=2rP(C,H,)H,.HI]-fZnI,-fH,0. 

PHJ.f 2C,H,I-F ZnO=-P(C,H,),H.HI -HZnI, 4 -H, 0 . 

P(C,H0H,HI - ->P(C,HJH,+HI. 
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(2) Tertiary phosphines and phosphonium iodides are produced by heating 
pliosphonium iodide with alkyl iodides (methyl iodide) to 150-180® without the 
addition of metallic oxides. They can be separated by means of potassium 
hydroxide : 

PH J 4-3CH3I =P(CH3)3.HI +3HI. 

P(CH3)3HI+CH3l =P(CH3)..I +HI. 

(3) Tertiary phosphines result when alkylogcns act on calcium phosphide 
(ThtHiard), and (4) in the action of zinc alkyls on phosphorus chloride : 

2PCl3+3in(CH3),=2P(CH3)a+3ZnCl,. 

(Compare the action of mercury alkyls on PCla, p. 175.) 

(4) Primary phosphines arc also obtained by heating monoalkyl phosphinous 

acids (p. 175)- * 

The phosphines are colourless, strongly refracting, extremely powerful-smelling, 
volatile liquids. They are scarcely soluble in water, but dissolve readily in 
alcohol and ether. They oxidize very readily and have a neutral reaction. 

(1) Primary Phosphines : 

Methyl Phosphine, P(CH3)H2, condenses at — i4®.to a mobile liquid. 

Ethyl Phosphine, P(CaHJH2, b.p. 25°. 

n~Propyl Phosphine, P(C3H7)H2. b.p. 53® (C. 1903. II, 987). 

Isopropyl Phosphine, P^CgHJHi, b.p. 41®, Isohniyl Phosphine, P(C4H7)H3, 
b.p. 62®. Fuming nitric acid oxidizes the primary phosphines to alkyl phospho- 
acids ; their J ll-salts are decomposed by water. 

(2) Secondary Phosphines : 

Dimethyl Phosphine, P(CH3)2H, b.p. 25® C. 

Diethyl Phosphine, P(CaH6)2lI, b.p. 85®. 

Dtisopropyl Phosphine, P(C3H7)2H, b.p. 118®. Diisoamyl Phosphine, 
P(C5lIi,)2H, b.p. 210-215°, is not spontanrously inflammable. Fuming nitric 
acid oxidizes this class of phosphines to dialkyl phosphime acids. 

Water does not decompose the Hl-salts of the secondary phosphines. * 

(3) Tertiary Phosphines ; 

trimcthyl Phosphine, P(CH3)3, b.p. 40°. Triethyl Phosphine, P(C2H5)3. b.p. 
127®. Both tertiary phosphines form phosphine oxides by the absorption of 
oxygen (B. 29, 1707). They also combine with S, CI2, Bra, the halogen acids, 
and the alkylogens. Carbon disulphide also combines with triethyl phosphine, and 
the product is P(C2H5)3.CS2, b.p. 95°, crystallizing in red leaflets. It is insoluble 
in water, and sublimes without decomposition. Its production serves for the 
detection of carbon disulphide. 

According to almost all of these reactions, triethyl phosphine re.sembles a 
strongly positive bivalent metal — for example, calcium. By the addition of three 
alkyl groups, the quinquivalent, metalloidal phosphorus utom acquires the 
character of a bivalent alkali-earth metal. By the further addition of an alkyl 
group to the phosphorus in the phosphonium group, P(CIl3)4, the former acquires 
the properties of a univalent alkali metal. Similar conditions are to be observed 
with sulphur, tellurium, arsenic, and also with almost all the less positive 
metals. 

(4) Phosphonium Bases. — The tetra-alkyl phosphonium bases resemble, in a 
very high degree, both in formation and properties, the tetra-alkyl ammonium 
bases. Tetramethyl- and Tetraethyl phosphonium hydroxide, P(C2H5)4.0H, are 
crystalline masses which dehquesce on exposure ±0 the air. They possess a 
strongly alkaline reaction. \^en they are heatej?^hey show the great affinity of 
phosphorus for oxygen, for, unlike the corresponding ammonium derivatives, they 
break down into a trialkyl phosphine oxide and a paraffin. Thus tetramethyl 
phosphonium hydroxide yields tnmethyl phosphine oxide and methane : 

P(CH,)4.0H=P(CH,)s0+CH4. 

f. 

Tetramethyl- and Tetraethyl Phosphonium Iodide, P(C2H5)4l, are white, crystal- 
line substances, which arc decomposed by heat into trialkyl phosphines and alkyl 
iodides. Tetraethyl phosphonium periodide results from the prolonged inter- 
action of iodoethane and phosphorus at x8o®. With H^S it changes into the 
normal iodide (B. 22, R. 348) 
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B. ALKYL PHOSPHO-ACIDS 

These acids result, as mentioned previously, from the moderated oxidation of 
the primary phosphines with nitric acid ; and also by oxidation of mono-alkyl 
phospho-acids (see below). They are derived from unsymmetrical phosphorous 
acid, HPO(OH),. 

Methyl Phospho-acid, CHjPO(OH)2, m.p. 105®. PCIj converts it into 
the chloride, CHjPOClj, m.p. 32®, b.p. 163®. On the formation of similar 
chlorides from alkyl-tetrachlorophosphines, see below. Ethyl Phospho acid, 
C2H,P0(0H)2. m.p. 44®. / 

The dialkyl esters of alkyl phospho acid, e.g. Diethyl Ester of Propyl Phospho- 
acid, CjH 7PO(OC,H5)2, b.p.g.j 87®, are obtained from the addition products of 
sym. -phosphorous acid ester (p. 141) and alkyl iodides (C. 1906, II. 1640 ; B. 81 f 
1048), and from the interaction of alkyl oxychloropl^sphines. (see below) and 
sodium alcoholates. 


C. ALKYL PHOSPHINIC ACIDS 

These are derived from hypophosphorotis acid, H2PO(6h). 

(1) Mono-alkyl Phosphinic Acids. 

The action of mercury alkyls on PCI 3 results in the formation of alkyl chloro- 
phosphines : 

(C2H6)2Hg-f-PCl3=C2H3HgCJH-C2H5Pa2. 

Ethyl Chlorophosphine, b.p. 114-117°, 0,9 = 1-295. Propyl Chlorophosphine, 
b.p. 140-143°, 0,9 = 1-177. Isoamyl Chlorophosphine, b.p. 180-183°, D2s=i'io2. , 
Water decomposes these clilorides into the corresponding alkyl phosphinic acids. 
RPOaHj. They arc syrupy liquids which are decomposed into alkyl phosphines 
and alkyl phospho acids when heated : 

3CJI*PO,lI,=C,H,.PH,+2C,HnPO,H,. 

Chlorine combines with the alkyl chlorophosphines forming alkyl tetrachloro- 
phosphines, UPCI4, which resemble phosphorus pentachloride. Heat causes 
partial dissociation into PClj and chloro-alkyl ; SOg produces thionyl chloride and 
alkyl oxychlorophosphines, KPOClg; ethyl oxy chlorophosphine, b.p.jo 75-8o®; 
propyl oxy chlorophosphine, b.p. 59 88-90°. 

The alkyl chlorophosphines lieated with sulphur form alkyl sulphochloro- 
phosphines, RPSClg ; ethyl sulphochlorophosphine, b.p.jo 81° (B. 32 , 1572). 

(2) Dlaikyl Phosphinic Acids result from oxidation of secondary phosphines 
by fuming nitric acid. Dimethyl Phosphinic Acid, (CHa)2 PO(OH), m.p. 76®, forms 
a paraffin-like mass, which volatilizes undecomposed. Diethyl Dithiophosphinic 
Acid, (C2Hg}|PS.SH, see B. 25 , 2441. 


D. ALKYL PHOSPHINE OXIDES 

arise (i) when the tri-alkyl phosphines arc oxidized in the air, together with 
alkyl esters of dialkyl phosphinic acid, RgPOgR, and alkyl phospho acids, RPOaRg 
(B. 81 , 3055), or by mercuric oxide ; (2) in the decomposition of the tetra-alkyl 
phosphonium hydroxides by heat ; (3) from POCI3 and magnesium alkyl haloids : 

POCl3d-3RMgX=OPRad-3MgXCl. 

The trialkyl phosphine oxides combine with acids similarly to the trialkylamine 
oxides (p. 172) (C. 1906, I. 11^4). Triethyl Phospfiine Oxide, P(C2H5)sO, m.p. 
53®. b.p. 243°, forms, for exawtole, P(C2H5)3Cl2, with haloid acids, from which 
sodium regenerates triethyl phosphine by the aid of heat. The corresponding 
triethyl phosphine sulphide, PCCgHJgS, m.p. ^4®, is prepared from triethyl 
phosphine and sulphur. * 


7, ALKYL DERIVATIVES OF ARSENIC 

Arsenic is somewhat metaUic in character ; its alkyl compounds 
constitute the transition from the nitrogen and phosphorus bases to 
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\ * 
the so-called metallo-organic derivatives — i.e. the compounds of the 
alkyls with the true metals (p. 183). The similarity to the amines and 
phosphines is observed in the existence of tertiary arsines, As(CH8)3, 
but these do not possess tjasic properties, nor do they unite with 
acids. They show in a marked degree the property of the tertiary 
phosphines, in their uniting with oxygen, sulphur, and the halogens 
to form compounds of the type As(CH3)3X2, and with halogen alkyls 
to form quaternary atspnium compounds As(CH3)4X. The mono-, 
di-, and tri-alkyl arsines, derived from ASH3, have not played nearly 
as important a r 6 le in the development of organic chemistry as have 
the cacodyl compounds. 

In 1760 Cadet discovered the reaction which led to the study of the arsenic 
alkyls. He distilled arsenious acid together with potassium acetate, and obtained 
a liquid which was subsequently named, after its discoverer, Cadet’s fuming 
arsenical liquid. From ^837 to 1843 Bunsen carried out a series of splendid investi- 
gations (A. 37 , I ; 42 , 14 ; 46 , i), and demonstrated that the chief constituent of 
Cadet’s liquid was ** alkarsine,** or cacodyl oxide, whbse radical “ cacodyl ** Bunsen 
also succeeded in preparing. Berzelius proposed the name cacodyl (from KUKtaSriv, 
stinking) for this very poisonous body with an extremely repulsive odour. 
Bunsen showed that it behaved like a compound radical. Together with the 
cyanogen of Gay-Lussac, and the benzoyl oi Liebig and Wohler, which was assumed 
to be present in the benzoyl derivatives, it formed a strong support for the radical 
theory. But later it was found that cacodyl was no more a free radical than was 
cyanogen, but that, in accordance with the doctrine of valence, it was rather a 
compound of two univalent radicals — ^As(CH3)a, combined to a saturated mole- 
As(CH,), 
cule : I 

As(CH,),. 

Valuable contributions have been made to the chemistry of the arsenic alk^^ls 
by Cahours and Riche (A. 92 , 361), by Landolt (A. 92 , 370), and particularly by 
Baeyer, who discovered the monomethyl arsenic derivatives, and made clear the 
connection existing between the alkyl-arsenic derivatives (A. 107 , 257). 

The following reactions give rise to arsenic alkyl comj^ounds : — 

(1) Cacodyl Oxide, or Alkarsine, is produced by the distillation of 
potassium acetate and arsenious acid. This is a delicate test, both 
for arsenic and for acetic acid ; 

4CH,.C0aK-fAs,0,=[(CH,),As],0-|-2K,C0,;f2C0,. 

(2) Also, by the action of zinc alkyls on arsenic trichloride ; and 
{3) by the action of the alkyl iodides on sodium arsenide produces 
irialkarsine together with tetra-alkyl diarsine {ethyl cacodyl). 

2AsCl8+3Zn(CHJ,=2As(CHa)8+3ZnCl,. 

AsNaj+3CaHjl =As(CjHa)8+3NaI. 

(4) The interaction of trisodium or tripotassium arsenite and alkyl 
iodides gives rise to the sodium salts of al)*}! arsonic acid (A. 249, 147 ; 
C. 1905, I. 860), which reaction is similar to that of the formation 
of alkyl sulphonic acid s^Us from potassium sulphite and iodoalkyls 
(p. 146). 

K3As03H-CH,I=CH3As0(0K)a+KI. 

The method for alkylating arsenic can be pushed further for the production of 
di- and tri-alkyl compounds. Methyl arsenic oxide, obtained from mfethyl 
arsenic acid by reduction wdth SO* (see below), yields cacodylic acid or dimethyl 
arsenious acid by the action of iodomethane and alkalis : 

CH.AsO-f 2KOH +CH.I = (CH J|AsOok+KI -hH,a 
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Cacodyl oxide, obtained by reduction of cacodylic acid, or from arsenic direct^ 
gives trunethyl arsenic oxide, when treated with iodomethane and alkali (C, 1904, 

l. 80): 

(CH ,) , AsOH + KOH + CH,I « (CH J ,AsO + KI + H , 0 . 

MONOALKYL-ARSINE COMPOUNDS 

The formation of monomethyl arsenic chloride, As(CHg)Cl2, results from the 
property possessed by the derivatives of the type AsXs, of adding two halogen 
atoms (CI2) and passing into compounds of the iorxff AsX,. The more chlorine 
atoms these bodies contain, the more readily do they split off methyl chloride. 
Thus As(CH.)Cl4 breaks down, at o®, into AsCl, and CH,C 1 ; and As(CH,).Cl., 
at 50®, into As(CH,)Cl, and CHsCl : 

+C1| • 

As(CH,)s As(CH3)8C1, CH3C1+As(CH,)jC1 

+CI2 5®* 

As(CHO,Cl ^ As(CHj),a, >■ CH,Cl+As(CH,)a, 

+ Cl j o* 

As(CHa)Cl2 ^ As(CIl3)Cl4 ^ CH.Cl+AsCls. 

Tliese reactions are the roverse of those described (method no. 4) for the pro- 
gressive elaboidtion of methyl-aisenic compounds fiom arsenic. 

Methyl Arsine Dichlortde, CHjAsClj, b.pi 133®, results from cacodyl 
trichloride, (CH,)sAsCl, (see above), or cacodylic acid by the action of HCl, also 
from methyl arsenic acid (see below) and an excess of PClg (C. 1906, II. loi). , 
It is a heavy, water-soluble liquid. Similaily, Methyl Arstnc Dttodide, CHgAsI^, 
is obtained from methyl arsenic acid by reduction by SOj, followed by precipi- 
tation with HI. The methyl arsine dihalide yields Methyl Arsenoxxde, CHjAsO, 

m. p. 95®, by the action of NagCOg ; with HjS is formed Methyl Arsine Sulphide, 
CHjASsS, m.p. no®; and with AgjO the silver salt of mqthyl arsenic acid is 
obtained. 

Methyl Arsenic Acid, CH8AsO(OH)2, m p. 161®, and Ethyl Arsenic Acid, 
C2H5AsO(OH) 2. are best prepared from potassium arsenite and iodoalkyls in 
aqueous solution (see above) ; boiling magnesia mixture precipitates the mag- 
nesium salt (C. 1905, I 800) The sodium salt of methyl arsenic acid is employed 
medicinally under the name of AirhencU (comp. C. 1905, I. 1699). Reduction 
of methyl and ethyl arsenic acids with hypophosphite in a sulphuric acid solution 
leads to the formation of Methyl and Ethyl Arsenic (GHjAs)^ and (CjHjAs). as 
yellgw easily polymerisable oils (C. 1904. H- 415 ; 1906, I. 730). 

Methyl Arsine, CHjAsHg, b p. +2°, and Ethyl Aisine, CgHgAsHg, b.p. 36®, 
result from reduction of the alkyl arsenic acids by amalgamated zinc dust, sdcohol, 
and hydrochloric acid.. They are colourless liquids of a cacodyl-like odour, 
very poisonous, and, form salts with acids with great difficulty or not at all. 
Methyl arsine is not spontaneously inflammable. Oxidation leads first to methyl 
arsenoxidc and then to methyl arsenic acid ; iodoalkyls give rise to the alkyl- 
arsines, e,g, tetraalkyl arsonium iodide (B. 34 , 3594 ; C. 1905, I. 799). 

DIALKYL ARSINE DERIVATIVES 

Cacodylic Oxide, Alkarsine, (CHajjAs^^* 

Di 6= 1*462, is the parent substance for the preparation of the 
dimethyl compounds. formation from ^potassium acetate and 
arsenic trioxide has already ^been given on p. 176. The crude oxide 
ignites spontaneously in the air. This is ckie ^o the presence in it of 
a slight amount of free cacodyl. When prepared from cacodyl 
chloride by potassium hydroxide it does not inflame spontaneously, 
and consists of a liquid with a stupefying odour. It is insoluble in 
water, but readily soluble in alcohol and in ether. 

Dimethyl Arsine, Cacodyl Hydride, (CH3)2AsH, b.p. 36®, D29=I’2I3, 
is produced when zinc and hy(kochloric acid act on cacodyl 
you L • V 
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chloride in alcoholic solution. It is a colourless, mobile liquid, with 
the characteristic cacodyl odour, and inflames spontaneously in the 
air. It combines with acids to form very easily dissociated salts; 
the halogen acid salts decompose into hydrogen and cacodyl chloride, 
bromide or iodide. With iodoalkyls it forms tetraalkyl arsonium 
iodides. It unites with sulphur, producing cacodyl disulphide, 
[(CH3)2As] 2S2, m.p. 50®, and cacodyl sulphide, [{CH3)2As]2S, b.p. 211®. 
Oxidation produces cacodyl, cacodyl oxide, cacodylic acid, As203,C02, 
etc., according to the degree of action (B. 27, 1378 ; C. 1906, I. 738). 


Cacodyl Chloride, As(CHj)2CI, b.p. 100®, is formed by heating trimethyl- 
arsine dichloride, As(CH 8)3^13 (p. 177), and by acting on cacodyl oxide 
with hydrochloric acid, as well as from Cl, and cacodyl. It is more readily 
obtained by heating the mercuric chloride compound of the oxide with hydro- 
chloric acid. It unitescAvith chlorine to form the trichloride, As(CH8)aCl8, which 
renders possible the transition from the dimethyl compounds to the monomethyl 
derivatives. ' 

Cacodyl Cyanide, As(CH8)2.CN, m.p. 36®, b.p. 140®, is formed by heating 
cacodyl chloride with mercuric cyanide. 

Cacodylic Acid, (CH3)2AsO.OH, m.p. 200® with decomposition, corresponds 
in its composition to dimethyl phosphinic acid (see p. 175). Cacodyl oxide, 
by slow oxidation, passes into cacodyl cacodylate, which breaks dovoi, when 
distilled with water, into cacodylic oxide and cacodylic acid : 


As(CH,), 

As(CHJ 


> 0+0 = 


_ As(CH,), 


OAs(CH,), 


>0. 


“OAScH^lAO+HaO = [As(CH,),],0+20As(CHJ,.0H. 


It is also obtained by the action of mercuric oxide on cacodylic oxide. ^ 
the formation of cacodylic acid from methyl arsenoxide, KOH, and iodomethane, 
see method of formation 4, p. 177. 

It is easily soluble in water and is colourless. Like arrhenal (p. 177) it is 
employed pharmaceutically, but is more poisonous. Cacotlylic acid forms salts 
with bases KdOaMe and with acids KdOX — it is an amphoteric electrolyte (B. 87 , 
2705, 3625, 41 40). With HjS it forms Cacodyl Sulphide, with HI Cacodyl Iodide, 
(CH8)8AsI. PCI5 changes it to Dimethyl Arsine Trichloride, (CH8)2AsCl8, irom 
which water regenerates cacodylic acid. 

As(CH3)2 , 

Cacodyl. Arsenic Dimethyl, As2(CHs)4= | , m.p. —6®, b.p. 170®, is 

As(CH,), 

formed by heating the chloride with zinc filings in an atmosphere of carbon 
dioxide : 

=>Ha Cl.As{CH,), Zn^ As(CH,),. 

^ Cl.As(CHJ, >■ As(CHJ,. 




It is a colourless liquid, insoluble in water. Its odour is powerful, and may 
induce vomiting. Cacodyl takes fire very readily in the air and burns to AsjOg, 
carbon dioxide and water. It yields cacodyl chloride with chlorine, and the 
sulphide with sulphur. Nitric acid converts it^to a nitrate, As(CH8)80.N02. 
As(C2H8)2 f 

Ethyl Cacodyl, | , b.p. 185-190®, is formed together with triethyl 

As(C,H,), , 

arsine on heating .sodium arsenide with ethyl iodide. It takes fire in the air, 
and is converted by oxidation into diethyl arsenic acid, 

Diisoamyl Arsine Chloride, (C8Hii)2AsCl, is produced from isoamyl chloride, 
arsenic trichloride, and sodium in ether. With H2S it changes to Diisoamyl 
Arsine Sulphide, m.p. 30° ; with bromine water it forms Diisoamyl Arsinic Acid, 
(C.8Hii)2AsOOH, m.p. 154® (C. 1906, I. 741). Diisoamyl Arsine, (C8Hl,)|AsH, 
b.p. 80 150®, results from the reduction of diisoamyl arsinic acid ; it is not spon- 
taneously inflammable (C. 1906, 1 . 74). 
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TERTIARY ARSINES 

The tertiary arsines are formed by the action of the zinc alkyls on arsenic 
trichloride, and by heating the alkyl iodides with sodium arsenide. Cacodyl, 
formed simultaneously, is separated by fractional distillation. 

Trimethyl Arsine (CHa)3As, and Triethyl Arsine, (C2H5)3As, are liquids with a 
very disagreeable odour. With oxygen they yield Trimethyl Arsenoxide (CH3)2AsO, 
and Triethyl Arsenoxide, (C2Hq)3AsO. These bodies correspond to triethylamine 
oxide (p. 172) and triethyl phosphine oxide (p. 175^'; with sulphur they yield 
trimethyl and triethyl arsine sulphide, As(C2He)3S ; and with Br, and 1 3 
they form trimethyi arsine bromide, As(CH3)aBr3, and triethyl arsine iodide, 
As{C,H,),I,. 

• 

QUATERNARY ALKYL ARSONIUM COMPOUNDS 

Tctra-alkylarsonium iodide is obtained (i) from mono-, di-, or tri-alkyl 
arsine by means of iodoalkyls ; (2) from sodium arsenide, mercury arsenide, or 
powdered arsenic and iodoalkyls by the aid of heat (A. 341 , 182 ; C. 1907, I, 
152). Tetramethyl Arsoniunf Iodide, As(CH3)4l, and Tetraethyl Arsonium Iodide, 
As(CjH5)4l, m.p. of both indefinite, are stable, and arc of good crystalline form. 
They correspond with the tetraalkyl ammonium and phosphonium iodides 
(pp. 1O3, 174). Like them they are changed •by moist silver oxide into the 
hydrated oxides: Tetramethyl Arsonium Hydroxide, (As (CH 3)401!, and Tetraethyl 
Arsonium Hydroxide, As(C2H5)40H, are crystalline deliquescent bodies, possessing • 
a strongly alkaline reaction. 


8. ALKYL DERIVATIVES OF ANTIMONY 

The 'derivatives of antimony and the alkyls are perfectly analogous to those 
of arsenic, but those containing one and two alkyl groups do not exist. We are 
indebted to Lowig and to Landolt for our knowledge of them. 

Tertiary Stiblnes are produced like the tertiary arsines : 

(1) by the action of alkyl iodides on potassium or sodium antimonides ; 

(2) by the interaction of zinc alkyls and antimony trichloride. 

Trimethyl Stibine, Sb(CH3)3, b.p. 81®, 015 = 1-523, and Triethyl Stibine, 
Sb(C2H5)3, b.p. 159®, are liquids which take fire in the air, and are insoluble in 
water. In all their reactions they exhibit the character of a bivalent metal, 
such as calcium or zinc. With oxygen, sulphur, and the halogens, they combine 
energetically, and eveuddecompose concentrated hydrochloric acid : 

•Sb(C2H5),-f2HCl=Sb(CaH5),Cl2+H2. 

Triethyl Stibine Oxide, Sb(C2H5)30, is soluble in water, which is also true of 
Triethyl Stibine Sulphide, Sb(CaH5)3S, which consists of shining crystals. Its 
solution behaves somewhat like a calcium sulphide solution. It precipitates 
sulphides from solutions of the heavy metals with the formation of salts of triethjd 
stibine. Triethyl Stibine Chloride is also prepared from antimony pentachloride 
and CjHjMgl. The iodide, m.p. 70® (B. 37 , 320). 

Quaternary Stibonlum Compounds, prepared from tertiary stibines by the 
addition of alkyl iodides, are changed by moist silver oxide into tetra-alkyl stibonium 
hydroxides, Tetramethyl oxid x^aethyl Stibonium itdide, Sb(C3H5)4l, as well as 
Tetramethyl and Tetraethyl Stib^iium Hydroxide, (C2H5)4SbOH, greatly resemble 
the corresponding arsenic derivatives in their properties. For mercury double 
salts with tetra-alkyl stibonium halides, see C. I9(^, 1. 31091. 


9. ALKYL COMPOUNDS OF BISMUTH 

These are closely comparable with those derived from antimony and arsenic ; 
but in accordance with the more metallic nature of bismuth, no compounds 
analogous to stibonium or arsonium are formed. 
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, F^iriher, in trialkyl derivatives the al^l groups are less intimatdy united 
with the bismuth than they are with arsenic and antimony in their corresponding 
derivatives. 

Tertiary Blsmuthides result from (i) the action of alkyl iodides on potassium 
bismuthide ; (2) the interaction ^f zinc alkyls and bismuth tribromide. 

Bismuth Tnmethyl, Bi(CHs)s, and Bismuth Triethyl j Bi(C|HB)3. are liquids 
which can be distilled without decomposition under reduced pressure. They 
explode when heated at the ordinary pressure (B. 20, 1516 ; 21, 2035). Bismuth 
trimethide is changed by h3^drochloric acid to BiClg and methane. The tri-ethide 
is spontaneously inflammabre. It unites with iodine to Bismuth Diethyl Iodide, 
Bi (0,115)31 ; and reacts with mercuric chloride to form Bismuth Ethyl Dichloride, 
Bi(C,H5)a,: 

Bi(C,H5).+2HgCl,=Bi(C,H5)Cl,+2Hg(C,H5)Cl. 

From the alcoholic solution of the iodide the alkalis precipitate Bismuth 
Ethyl Oxide, Bi(C2H5)0, an amorphous, yellow powder, which takes fire readily 

in the air. The nitrate^, Bi(Cj|H5)<Q'^Q*. is produced by adding silver nitrate 
to the iodide. 


10. ALKYL DERIVATIVES OF BORON 

< 

These are formed by the action of zinc alkyls on (i) boron trichloride, 
{2) bone ethyl ester (p. 141) {Frankland, A. 124, 129) : 

2B(0C3H5)a4-3Zn(C,H5)3=2B(C,H5),+3(C,H5.0),Zn. 

Trimethyl Bonne is a gas. 

Trxethyl Bonne, B(C2H6)8, b.p. 95®. Both ignite in contact with the air and 
possess an extremely penetrating odour. When heated together with hydro- 
chloric acid, triethyl borine decomposes into diethyl borinc chloride and ethane 

B(C2H5),-f-HCl=B(C2H5)aCl+CaH5. 

Slowly oxidized in the air, tricthyl borine passes into Ethyl Boric Diethyl Ester, 
B(C2fl6)(O.C2H5)2, b.p. 125®, which water decomposes into Ethyl Boric Acid, 
C,H,.B(0H)2. 


II. ALKYL DERIVATIVES OF SILICON 


Silicon is the nearest analogue of carbon, to which its similarity is 
specially close in its derivatives with the alcohbl, radicals, which in 
many respects resemble the correspondingly constituted paraffins 
{Friedel ; Crafts ; Ladenbttrg, A. 203, 241). As early as 1863 Wdhler 
directed attention to the analogy existing between the carbon and 
silicon compounds. 

SiliconTetramethyl, Si (CH8)4, corresponds with Tetramethyl Methane, 

C(CH3)4. 

Silicon Tetraethyl, Si(C2H6)4, corresponds with Tetraethyl Methane, 

C(CzH6)4. ‘ /f 

They are produced, like the alkyl borines, when zinc alkyls act on 

(1) Silicon halogen compounds ; 

(2) Esters of silicift acid. 

(3) Also, silicon tetrachloride and ethyl magnesium iodide or 
bromide in ether givfe rise to a number of bodies according to the 
quantity of the second reacting substance employed : 


C,H,Sia, 
Ethyl Silicon 
Tcidilotide. 


Diethyl Silicon 
Dichloride. 


-> (C,H,),SiCl - 
Tfiethyl Silicon 
Chloride. 


(C,H5)5Si. 

Tetraethyl 

SUioon. 
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If eth^l silicon trichloride is acted on by other organo-magnesium 
bahdes, nuxed alkyl sihcon compounds can be obtained, e.g. ClSi(C2H6)- 
(CeH5)(C3H7) (C. 1904, 1 . 636 , 1907, 1 . 1192). 

(4) Sihcon tetrachlonde or silicon chloioform, chloro-alkyls, and 
sodium in ether react to form alkyl silicon compounds : 

SZCI4 -|-4ClCaH* +8Nd =Si(C,IIa)4 + SNaCL 
HSiCla+3ClC4Hn+6Na=HSi(C5n4^)a+6NaCl. 


Silicon Tetfamethyl, 81(0113)4, b.p. 30®, Dq ~o 928, a liquid insoluble 
in water, is prepared from S1CI4 and zinc met I yl. 

Silicon Tetraethyl, Silicononane, Si(C2H,)4,»b.p. 153®, Do=o*834, 
formed from S1CI4 and Zn(C2H6)2, or C2H5CI and sodium, is a liquid 
insoluble in water. By the action of chlorine, it forms sihcononyl 
chlonde, a substitution product Potassium acejtate changes this to 
the acetic ester of sihcononyl alcohol, which alkahs decompose into 
acetic acid and silicononyl alcohol : 


C,H,. 
» C4H4 

Sill cononane, 
bp 153* 


cS‘>S‘<i 


Silico lonvl Chlondp 
bp 85 * 


Siliconouyl Alcohol, 
bp 190* 


Silicon Tetraisoamyl, bp 275° Silicon Tviisoamyl Hydride Si(C5Hi,)jH, 
b p 245®. with bromine, passes into Silicon Triamyl Bromide Si(C5Hn)jBr, b p 
279®, a heavy liquid, fuming in the air, which with ammonia gives Triamyl 
Silicol, Si(C,H,i) 30H, bp 270® (B 38 , 1665) 

. Disilicon Hexethyl Si4(C3H5) 4 b p 2 50-2 5 1®, is formed from zinc ethyl and Sialg. 
Tnethyl Silicon Lthoxide^ (CjHgjjSiOCjUg, bp 153® 

Diethyl Silicon Diethoxide, (C2Hj)sbi(OCaHR)3, bp 155 8® 

Ethyl Silicon Triethjxide (C2ll5)Si(0 C4II5), bp 159®, is a liquid with a 
camphor like odour. These three compounds are produced when zinc ethyl 
acts on silicic ethyl ester, Si(OC2H5)4 (p 141) 

Acetic anhydnde converts tnethyl sihcon ethoKide into an acetic ester. 
When this is hydrolyzed by potassium hydroxide, it yields Tnethyl Silicon 
Hydroxide or Tnethyl Silicol, (C2H5)5SiOH, corresponding m constitution with 
Tnethyl Carbtnol 

Acetvl chloride changes diethyl silicon diethoxide into Diethyl Silicon Chlonde, 
(C,H.) 2S1CI2, b p 148® Witer converts this into Diethyl Silicon Oxide, 
(€2115)2810, corresponding with diethyl ketone in composition 

With acetyl chloiide, ethyl silicon triethoxide foims I thy I Silicon Trichloride, 
(C2H 5)81012, b p about 100® This liquid fumes strongly in the air, and when 
treated with water passes into ethyl silicic acid, (€2115)810 OH (silico-propionic 
acid), which is analogous to propionic acid, OgHg €0 OH, in constitution It is 
a white, amorphous powder which becomes incandescent when heated m the 
air It only resembles the corresponding propionic acid by being acidic in 
character. 


(€2H5)2SiOH, Tnethyl Sihcol corresponds with (€jH5)8€ OH, Tnethyl Carbmol. 
(OaH 5) abiO, Diethyl Silicon Oxide corresponds wi1;ii (OjH 5) , 00 , Diethvl Ketone, 
C2H5 81OOH, Silico-propionic ^id corresponds with OjH, COOH, Propionic Acid, 


' . 

12. ALKYL DERIVATIVES OF GERMANIUM 

The compounds of germanium form the transition from those of sihcon to 
those of tin 

Germanium Ethyl, Ge(€2H5)4, b.p. 160®, is formed when zinc ethyl acts 
on germanium chlonde. It is a hquid with a leek-like odour, {CL Wiuhleft 
J. pr. Ch. [a] 862^204.) 
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13. TIN ALKYL COMPOUNDS 

In addition to the saturdte4 denvatives vath four alkyls, tin is 
also capable of uniting with three and two alkyls, forming : 


Sn(C.H^4. 

Tin Tetraethyl. 


Sn(C3Hj)j 

«Sn(C2Hg)9 
lin fncthyl 


Sn(C2H5)2 
II or 

SnlCaHJa 

Tin Diethyl. 


Sn(CaH Jf. 


The dlkyl dtnvatives of tin were studied by Lovoig, Cahonrs, Ladenhurg, and 
others Iht reactions cmnloycd to cause the combination of tin with alkyls are 
the same as were employed in the cases of arsenic, antimony, and other elements 
(i) The action of zinc alkyls on stannic chlonde, whereby Sn(CHj4 and 
Sn(C2H6)4 are produced (B 37 , 320, C 190 I 353) (2) The action of alkyl 
iodides on tin-sodium (tin alone or tm-zinc) When the alloy contains a f?reat 
deal of sodium, 80(021^8)212 ib produced, but when comparatively little sodium 
IS present th^ chief pioduct is Sn(C2H8)sl Socfium abstracts iodine from 
both ot the primarily formed iodides with the formation of 803(02115)4 and 
Sn2(C2H5)8 These can be separated by means of alcohol, in which the latter is 
insoluble • 

Tin Tetramethyl, Sn(CH3)4, bp 78®, and Tin Tctnethyl, 80(02115)4, bp 
181®, D28 = ii 87, both arc colourless, ethereal smelling liquids, insoluble in 
* water By the action of the halogens the alkyls arc successively eliminated , 
hydrochloric acid acts similarly 


8n(C2n6)4+Ia-Sn(C2H8)2l4-C2H8l.etc. 
Sn(C2H5)4+HCl=Sn(CaH6)3CH sCjH., etc 


(For tin tetra-alkyls with dilkrent alkyl groups see C 1901, 1 353 ) 

The alkyl groups arc not so hrmly united in the zinc alkyls as they are in the 
alkyls of silicon 

fin Iriethyl Chloride, Sn{C^H^)3Cl, bp 2oV2io°, 0 = 1428 I in Tnethyl 
Iodide Sn(C2H5)„I, bp 231° 022 — 1833 Alcohol and ether .ire solvents for 
both When either is acted on by silver oxide or potassium h^ di o\i le, there 
IS produced * 

Tin Tnethyl Hydroxide, Sn(C2H5),OH, mp 66®, bp 272® is sparingly 
soluble in water, but dissolves readily in alcohol and ether. It reacts strongly 
alkaline, and yields cryst illine salts with the acids, e g 80(02115)3 O JSO, When 
the hydroxide is heated for some time to almost boiling temperature, it breaks 

down into water and Tin Iriethyl Oxide, oily liquid, which in 

the presence of water at once regenerates the hydroxide 

Tin Triethyl, Sn2(t 2115)5 b p 205-270®, with slight decomposition (see above), 
IS a liquid, of mustard-likc odour, insoluble in alcohol, but readily soluble in 

ether. It combines with oxygen foiming tin tnethyl oxide, sn(C*H*)*^^' 
and with iodine yields tin trutlivl iodide, 811(02115)31 

Tin Diathyl, Sn, (02115)4 or Sn(t 4115)2, is a thick oil, decomposing when 
heated into Sn(CgHg)4 and tin It combines with oxygen and the halogens 
Tin Diethyl Chlonde, Sn(C 21^5)401 j, mp 85®, 2^:0® iodide, Sn(C2H4)2l2, 

m.P 44 5®. bp 2|5® • X 

Ammomum hydroxide and the alkalis precipitate from aqueous solutions 
of both the halogen compounds : 

Tin Diethyl Oxide, Sn(Q,H5^^)20, a white, insoluble powder. It is soluble in 
excess of alkadi, and forms crystalline salts with the acids, e g Sn(C2H5)2(0N02)2 
Methyl Stannonic Acid, CHgSnOOH, is formed at ordinary temperatures 
from lodomethane and an* alcoholic solution of an alkaline stannous solution 
similarly to the preparation of methyl sulphomc acid and methyl arsemc acid 
(pp 146, 177) from lodoethane and an ^kaline solution of sulphurous and 
arsemous acids : 


ICHt+HSnOgK+KOH^CHaSnOaK+KX+Haa 
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Methyl stannonic acid is a white amorphous powder, soluble in potassium , 
hydroxide solution, from which it is precipitated by CO,. Warming with alkalis 
produces stannates and Dimethyl Stannic Oxide, which by distillation with alkalis 
decomposes into stannates and Trimethyl Stannic Hydroxide : 

aCHjSnO.K ^ SnOjK8 + (CH,),SnO. 

3(CHJ,SnO 3(CHJ,Sn0H+KjS0,. 

Similarly, Ethyl Stannonic Acid yields Diethyl Stannic Oxide, 

Methyl stannonic acid is transformed by the halogan acids into Methyl Stannic 
Triiodide, CHaSnlg, m.p. 86®, Methyl Stannic Tribfvmide, CHaSnBr,. m.p. 53®, 
and Methyl Stannic Trichloride, CHjSnClj, m.p. 43®, which fume in the air like 
tin tetrachloride. Thus, methyl stannonic acid behaves like cacodylic acid, as 
an amphoteric electrolyte. Methyl stannic triodide can also be obtained from 
stannous iodide and iodomethane at 160® ; from stanific iodide and magnesium 
methyl-iodide together with Trimethyl Stannic Iodide, (CHg)3Sn, b.p. 170® (B. 869 
3027 ; 87 , 4618) ; and by heating together tin tetramethyl and stannic iodide 
(C. 1903, II. 106). 


14. METALLO-ORGANIC COMPOUNDS 

The metallo-organic compounds are those resulting from the union 
of metals with univalent alkyls ; those with the bivalent alkylens, 
C„H2n, have not yet been prepared. Inasmuch as we have no marked 
line of difference between metals and non-metals, the metallo-organic 
derivatives are connected, in the one direction, through the derivatives 
of antimony and arsenic, with phosphorus and nitrogen bases ; and in 
the other, through the selenium and tellurium compounds, with the 
sulphur alkyls and ethers ; whereas the lead derivatives approach 
those of tin, and the latter the silicon alkyls and the hydrocarbons. 

Upon examining the metals as they arrange themselves in the periodic system 
it is rather remarkable to find that it is only those which attach themselves 
to the clectionegative non-metals that are capable of yielding alkyl derivatives. 
In the three large periods this power manifests and extends itself only as far as 
the group of zinc (Zn, Cd. Ilg). (Comp. Inorganic Chemistry.) 

In a sense the metallic carbides, C^Naj, CjCa, C3AI4 (pp. 67, 88) can also be 
looked on as being metallo-organic compounds. 

• 

Those compounds in which the metals present their maximum 
valence, e.g. : 

II III IV IV 

Hg(CH,), A 1 (CH,), Sn(CHg)4 Pb(CHg)4 

are volatile liquids, usually distilling without decomposition in vapour 
form ; therefore, the determination of their vapour density is an accurate 
means of establishing their molecular weight, and the valence of the 
metals. ♦ 

The behaviour of the metallo-organic radicals, derived from the molecules 
by the loss of single alkyl groups, is cspecia^y noteworthy. The univalent 
radicals, e.g. : • 

II HI IV IV V 

— Hg(CH,) —TlfCHg), — Sn(CH,), —PbfCHg), --SbtCHa)^, 

show great resemblance to the alkali metals in all their derivatives. Like other 
univalent radicals, they cannot be isolated. They yield hydroxides, e.g. : 

Hg(C,HJ.OH Tl(CHJa.OH Sn(CH|)a.OH. 
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\ which are perfectly comparable to KOH and NaOH. Some of the univalent 
radicals, when set free from their compounds, become doubled : 


As(CH 8), Si(CH8), SnCCHJ, PbCCH,), 

AstCH,)* si(CH3)8 sL(CHJ, Pb(CHJa. 


By the loss of two alkyls from the saturated compounds, the divalent radicals 
result : 

HI IV IV V 

=Bi(CH8) -T*(CH,)8 =Sn(C8H5)8 =Sb(CH,)8. 

In their compounds (oxides and salts) these resemble the divalent alkali 
earth metals, or the metals of the zinc group. A few of them occur in the free 
condition. As unscitiiratod molecules, however, they show strong inclination 
to saturate two single ahinities directly. Antimony tnethyl, Sb(C2HB)3 (see 
p. 179), and apparently, also, tellurium diethyl, Te(C3HB)2. have the power of 
uniting with acids I0 form salts, liberating hydrogen at the same time. This 
would indicate a distinct metallic character. 

Finally, the traviknt radicals, like = As (€113)2, can also figure as univalent, 
as in the case of vjnyl, CgHj. These may be compared to aluminium; and 
cacodylic acid, AsfCllgjaO OH (p. lyJ-), to aluminium metahydroxide, AlO.OH. 

We conclude, therelore, that the electro-negative metals, by the successive 
union of alcohol radicals, al>\ays acquire a more strongly basic, alkaline character. 
This also finds expression with the non-metals (sulphur, phosphorus, arsenic, 
etc.). (Comp. pp. 145, 17 j, 175.) 


The first mctallo-organic derivatives were prepared by Frankland. 
Zinc alkyls are particularly important as alkylating bodies, but are 
being replaced by magnesium alkyl halides, which are much more 
convenient to work with. 

Methods of Formation : 

(1) Action of metals (Mg, Zn, Hg) on alkyl iodides. 

(2) Action of alloys (Pb, Na) on alkyl iodides (see Bi-, Sb-, Sn- 
compounds). 

(3) Action of metals (K, Na, Be, Al) on metallo-organic bodies 
(zinc alkyls, mercury alkyls). 

(4) Action of metallic chlorides (PbCl2) on mctallo-organic deriva- 
tives (zinc alkyls or magnesium alkyl halides ; comp. BCI3, SiCl4, 
SnCl4, GeCl4 on zinc alkyls or magnesium alkyl h^-lides). 


A. ALKYL DERIVATIVES OF THE ALKALI METALS 

When sodium or potassium is added to zinc methyl or ethyl, zinc separates 
at the ordinary temperature, and from the solution which is thus produced, 
crystalline compounds deposit on cooling. The liquid retains a great deal of 
unaltered zinc alkyl, but it also appears to contain the sodium and potassium 
compounds — at least it sometimes reacts quite ditferenlly from the zinc alkyls. 
Thus, it absorbs carbon dioxide, forming salts of thy^atty acids (Wanklyn, A. Ill, 

234) : / 

C,H,NaH-CO,=C,H,.CO,Na. 

Sodium Propionate. 

These decomposable bodies cannot be separated in a pure condition. 


B. ALKYL DERIVATIVES OF THE MAGNESIUM GROUP 

Beryllium Ethyl, Be(C3H3)2. b.p. X85-188”, formed by the 3d method, ignites 
spontaneou<?ly. herylhvm Vrof^yl I3c (€3117)2, b.p. at 245®. 

Magnesium Dimethyl, Mg(CH and Magnesium Diethyl, Mg(C|H|)i, result 



ALKYL DERIVATIVES OF THE MAGNESIUM GROUP 185 

from fhe action of Mg on the corresponding mercury compounds. They are 
white, solid, substances, which inflame spontaneously even m a CO, atmoqihere, 
and are decomposed by heat evolving hydrocarbons They react with water 
hke the zinc alkyls (A 276 , 120) 

Magnesium Alkyl Halides — Wliilst the magnesium alkyls are troublesome to 
prepare and to manipulate, the preparation of the magnesium alkyl haUdes is 
exceedingly easy and convenient, especially in solution The metal is dissolved 
in a solution of the alkyl halide in absolute ether, and the reagent is ready for 
use: 

C,H5Br+Mg=C,H5MgBi/ 

The general apphcability of this reaction was first recogmzed by the French 
chemist Grignard* whose hame is associated with the reaction and solution 
In a short time it was employed by a large number yf investigators, and has 
become an invaluable agent in organic synethesis 

The reaction proceeds most quickly in the case of alkyl iodides and bromides , 
whilst methyl and ethyl chlorides require assistance to react in the form of an 
addition of iodine (B 38 , 2759) HgClj (C 1907 , 1 872) or a previously prepared 
magnesium solution (B 38 , 1746 C 1907, I 455) * Alkyl halides behave 

similarly to the alkyl halic]cs (B 36 , 2898) Sometimes the reaction pro- 
ceeds abnormally, splitting ofl halogen acids as in the case of isopropyl iodide, 
and especially tertiary alkyl halides , at low temperatures, however, the normal 
reaction takes place (C 1904 , 1 0 , II 183) It^s of importance that the haloid 

aryls, such as lodo- and bromo benzene react analogously to the alkyl halides 
(Vol II) 

Distillation of the solvent (ther leaves the magnesium alkyl hahdes behind 
usually in the form of crystilline * etherates RMgl 0(CgH5)3 RMgl 20 (C,Hg)a, 
which dis^'olve easily in ilhei benzene cte If these double compounds arc 
decomposed in vacuo at raised temperatures a gicyish white mass remains , it is 
insoluble in ether, it becomes hot m contact with the air and decomposes violently 
in water Ihe ether apparently act> as a catilyzer in the Grignard solution, 
its action IS weakened when other soKents especially chloroform, carbon disul- 
phide etc arc employed (C 1906 I 130, II 171S) Similarly to ether, the 
tertiary amines eg dimethyl amine al o act catalytically, and these also form 
double compounds with the magnesium alkyl halides such as K'MgXNR, (B 37 , 
3088 C 1904 II 836) The addition of a few drops of dimethyl anihne to a 
benzene solution of lodoethane, foi example, causes the production of pure 
Ethyl Magnesium Iodide by the action of magnesium, in the form of a white 
powder fins icacts analogouslv to the '* etherates ” and dissolves in ether, 
with an evolution of heat to form these bodies (B 38 , 4554 , 39 , 1674) 

The cthi re al solutions of the magnesium alkyl halides are very reactive and 
exhibit similar icactions to those of the zinc alkyls, which however, usually 
run more smoothly (p *1 S( ) 

(i) Water alcohols, ammonia primary, and secondary amines, bring about a 
more or less violent decomposition, causing the generation of hydrocarbons 

CaHjMgIfROH -CaH. + ROMgl, CaH.Mgl+RNHj^CjH.-f RNHMgl 

Acetylene and hydrocyanic acid behave similarly 

(-.) Oxygen and sulphur are absoibed, and alcoholates and mercaptides 
result 

RMgX+O ^ROMgX , RMgX+S=RSMgX, 

(3) CO2, COS, CS, SO2 taken up, forming salts of carboxylic acids, 
tliiocarbonic acids, caibithioiiic ids, sulphimc acids, e g 

CaHaMgl -}-CO,=C2H5COOMgI 

NOt forms salts of the j8 di ilkyl hydroxylanunck (p ^171) and NO those of the 
j8-nitroso-alkyl hydroxylamines (p 172) 

Salts of the diazo-amino bodies result from hydrazoic esters 

(4) Aldehydes, ketones, carboxylic acid esters, anhytlrides, chlondes and salts 
3aeld primary, secondary, and, especially easily, tertiary alcohols (pp 106, 108). 

* ** Sur les combinaisons organomagn^siennes mixtes et leurs applications 
A des syntheses ” L\on, 1901 See also “ Ueber die organischen Magnesium- 

verbindungcn und ihre Anwendung zu Synthesen/* J. Schmidt, Stuttgart, 1905. 



ORGANIC CHEMISTRY 


x86 

Many of these tertiary alcohols give up water yielding olefines, especially 
in presence of an excess of RMgX ; e,g. diolefines (p. 90), etc. 

Ethylene oxide and its homologues unite with the magnesium alkyl halides 
to form alcohols (p. 106). 

Formic acid derivatives, such as esters, orthoesters, imido ethers, dialkylamides, 
isonitriles, under suitable conditions, yield aldehydes. 

Carboxylic acid amides and nitriles frequently give rise to ketones. 

The magnesium alkyl halides are added on to many ajS-olefine ketones, 
carboxylic acid esters, and nitriles at the double bond, forming the corresponding 
jS-alkyl paraffin compound!>i (C. 1907. I- 559. etc.). 

With Schiff's base, RCH:NR', they form secondary amines, RR"CH,NHR'. 
Often these bodies, ketones, and other substances are only reduced by the organo- 
magnesium halides (B. 38 , 2716 ; C. 190b, II, 312). * 

Iodine changes the ti^agnesium alkyl chlorides and bromides to alkyl iodides 
(p. 133). 

(6) Halogen or sulphuric acid compounds of many radicals have the haloid 
or sulphuric acid residues replaced by alkyl, e.g. : 

CjHiiMgBr+BrCHjOCHj >.C,HiiCHjOCH,. 

CjHijMgBr+SO^CCHJ, 

By similar reactions for the preparation of isoamyl and isohexyl magnesium 
bromides, diisoamyl and diisohexyl are formed as by-products (p. 76) (B. 86, 
3084). 

(7) On the formation of alkyl compounds of phosphorus, arsenic, antimony, 

' silicon, tin, lead, and thallium from orga no-magnesium halides, and the chlorides 

of these metals and metalloids, see the previous and following sections. 

Calcium Ethyl Iodide is prepared similarly to the magnesium compound from 
calcium and iodoethanc in ether solution. It forms an “ctherate,” CiHgCal. 
0(C,H5), which is a white amorphous powder, soluble with difficulty in ether. 
It generates ethane when acted on by water (B. 38 , 905). 


C. ALKYL derivatives OF ZINC 

Zinc methyl and zinc ethyl were discovered in 1849 F^i^ii^hland 
(A. 71 , 213 ; 85 , 329 ; 99 , 342). The zinc alkyls are exceedingly 
reactive, and are, on this account, the most important class of the 
metallic alkyls. 

Methods of Formation, — (i) When zinc filings act on iodides 
of the alcohol radicals in sunlight, iodides are formed, which are de- 
composed by heat into zinc alkyls and zinc iodide : 

C,H5l+Zn=IZnC,H8. 

2Zn<^**^*=Zn(C,H,),+ZnI,. 

The action may be accelerated if the ziac turnings have been previously 
corroded, or by the application of zinc-sodium or zinc-copper. In preparing 
zinc ethyl, ethyl iodide is poured over zinc cuttings and a little pure zinc ethyl 
is then added. The formation of IZn.CgHg is ^en completed at the ordinary 
temperature, and this bod^ separates in largc^ransparent crystals. When it 
is heated in a current of CO|, it yields zinc etnyl (A. 152 , 220 ; B. 26 , R. 88 ; 
C. 1900, II. 460). It is also formed by the solution of zinc in a boiling ether 
solution of iodoethane (€.^190^4, II. 24). 

(2) The mercury alkyls are converted by zinc into zinc alkyls, with the 
separation of mercury : 

Hg(C,H,),-fZn=*Zn(C,H,), 4 -Hg. 

Properties. — ^The zinc alkyls are colourless, disagreeable-smelling 
liquids, fuming strongly in the air and igniting readily ; therefore. 
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they can only be handled in an atmosphere of carbon dioxide. They 
inflict painful wounds when brought into contact with the skin. 

Zinc Methyl, Zn(CH3)2. b.p. 46® ; 015=1*386, and 

Zinc Ethyl, h.p. 118® ; Di5s:x*i82, both solidify when cooled (B. 

261 , 59). 

Zinc Propyl, Zn(CHgCH|CH,)2, b.p. 146®. 

Zinc Isopropyl, Zn(C,H,)2, b.p. 136® (B. 26 , R. 380). 

Zinc Isobutyl, Zn(C4H5)2. b.p. 166® (A. 223 , 168). 

Zinc Isoamyl, Zn(C5Hii)s, b.p. 210® (A. 130, 122).'^ 

Reactions, — The zinc alkyls are exceedingly reactive. 

(1) Water decomposes them very energetically, forming hydrocarbons and 

zinc hydroxide (see Methane. Ethane, pp. 71, 72). • 

(2) Oxygen is taken up by slow oxidation in the air, and compounds, e,g. 
(CH8)2Zn02, analogous to peroxides, are produced; they explode readily and 
liberate iodine from potassium iodide (B. 23 , 394)- 

(3) The alcohols convert the zinc alkyls into zinc alcoholates and hydro- 
carbons, depending on the relative quantities of the reacting bodies, e.g. ethyl 
zinc ethoxide, or zinc alcoholate maybe formed, together with ethane (C. 1901, 11. 
1200). 

Zn(C.H.). Zn<OAH. Zn<g;C.H.. 

(4) The free halogens decompose both the zinc alkyls and those of other 
metals veiy energetically : 

Zn(CaH5) j -f zBr j = zCjHgBr -f ZnBr j. 

(5) They react with chlorides of the heavy metals and the non-metals, whereby 
alkyl derivatives of the latter are produced (p. 18^). 

(6) The zinc alkyls absorb sulphur dioxide and are converted into the zinc 
salts of the sulphinic acids (p. 147). 

(7) Nitric oxide and zinc diethyl produce the zinc salt of the so-called dinitro~ 
ethylic acid, CgHj.NgOgH. 

The application of the zinc alkyls — zinc methyl and zinc ethyl — is particularly 
important in nucleus-synthetic reactions : 

(1) Hydrocarbons are formed when the alkyl iodides are exposed to high 
temperatures (p. 75). 

(2) When zinc alkyls (zinc and alkyl iodides) act on aldehydes, acid chlorides, 
acid anhydrides (C. 1901, II. 188), ketones, formic esters, acetic esters, lactones, 
and chlorinated ethers, derivatives of secondary, tertiary, and primary alcohols, 
as well as of ketones, are produced. The alcohols (pp. 105, 106) and ketones 
(p. 217) can easily bq ottained from them. 

The alkyl oxides and the alkylene oxides are, however, not affected by the zinc 
alkyls (B. 17, 1968 ; C. igoi, 11. 188), but, on the other hand, the heating together 
of ethylene oxide and magnesium halides is a method of synthesis of the primary 
alcohols (p. 186). 


D. ALKYL DERIVATIVES OF CADMIUM 

Cadmium Ethyl, Cd(CH3)3, b.p. 104®, is prepared in very small quantities by 
heating the product of reaction- of cadmium and iod(»methane. It solidifies in a 
freezing mixture. Its properties closely resemble those of zinc methyl. 


E. ALKYL DERIVATIVES OF MERCURY 
The dialkyl compounds are formed — • 

(i) by the interaction of sodium amalgam and alkyl iodides, with the ac^ition 
of acetic ester {Frankland, A. 130, 105, 109). The r61e of the acetic ester in this 
reaction has not yet been explained : 

2C5H5l+Hg.Na5-(C5H5)5Hg-i-2NaI. 



i88 


ORGANIC CHEMIStRY 


• (2) by the action oi potassium cyanide on mercury alkyl iodides ; 

(3) by the action of zinc alkyls on mercury aJkyl iodides : 

2C2H5HgI+Zn(C,H,),=2(C,H5),Hg+ZnIs|. 

(4) by the action of zinc alkyls on mercuric chloride : 

HgCl,+Zn(CaHs)a = (C,HJaHg+ZnCl,. 

Properties. — These compounds are colourless, heavy liquids, possessing a faint, 
peculiar odour. Their vapours are extremely poisonous. Water and air occasion 
no change in them, but whtn heated they ignite easily. 

Mercury Methyl, Hg(CH,)j, b.p. 95®, 0=3*069. Mercury Ethyl, Hg(CaHc)a. 
b.p. 159®, D=2*44, and at 200® breaks down into Hg and butane, CaHg.CaHg. It 
yields ethane (p. 73) when treated with concentrated sulphuric acid. 

Mercury sec. -Butyl, Hg[CH(CH3)(C2H5)]j, b.p. 15 91-93°, is prepared by elec- 
trolytic reduction of methyl ethyl ketone in sulphuric acid solution at 50® with a 
mercury cathode (B. 39 , 3626). 

2C5H50+Hg-J.6H=Hg(C4H5)5-f.2H,0. 

The mono-alkyl derivatives arise (i) by the action of mercury on alkyl iodides 
in sunlight ; C2H5l-j-Hg=C3H5.Hg.I ; (2) from the dialkyl mercury derivatives 
— (a) by the action of halogens ; <6) by the action of the halogen acids ; (c) by 
the action of mercuric chloride. 

Mercury Methyl Iodide, ClIaHgl, m.p. 143®, forms shining needles, and is 
insoluble in water. Silver nitrate changes it to methyl mercury nitrate, 
CHgHg.ONOj. Mercury Ethyl Iodide, CaHgHgl, is decomposed, by sunlight, 
into mercuric iodide and CgHjo- Mercury Allyl Iodide, CjHgHgl, m.p. 135®, 
is converted by HI into propylene and mercuric iodide, Hglg. Moist silver 
oxide changes the haloid derivatives to hydroxyl compounds : 

CgHgHgCl + AgOH =C2H5.Hg.OH -j- AgCl. 

Ethyl Mercuric Hydroxide, CaHgHgOH, is a thick liquid, soluble in water an^ 
in alcohol. It reacts strongly ^kaline, and forms salts with acids. 

Mercury compounds, derivable from glycol, result from the action of ethylene 
on mercuric salts (B. 34 , 2910). 


F. ALKYL DERIVATIVES OF THE METALS OF THE ALUMINIUM GROUP 

The aluminium alkyl derivatives are comparable to those of boron (p. 180). 
They are produced by the action of the mercury alkyls upon aluminium filings. 

Aluminium Trimethyl, A^CHg),, b.p. 130°. Aluminium Triethyl, A^CsHg)^, 
b.p. 194®. Both are colourless liquids and arc spontaneously inflammable. 
Water decomposes them with great violence, forming methane (or ethane) and 
aluminium hydroxide. Their vapour densities indicate a mono- rather than a 
di- molecular constitution (see B. 22 , 551 ; Z. phys. Ch. 3 , 164). 

The derivatives of tri valent gallium and indium have not been prepared. 

Thallium Dimethyl Chloride, Bromide and Iodide (CHa)3TlX, as well as Thallium 
Diethyl Chloride, Bromide, and Iodide, and Thallium Dipropyl Chloride, Bromide, and 
Iodide, are prepared by the interaction of thallium chloride, TlCla, and magnesium 
alkyl halides in ether solution (p. 185). They are crystalline bodies, dissolving 
in water with great difficulty, and decomposing on being subjected to heat. 
They can be recrystallized Lorn an alkaline aqu^us solution without decomposi- 
tion ; moist silver oxide produces strongly alkaline, easily soluble hydroxides, e.g. 
Thallium Diethyl Hydroxide, ^(CaHg) ,OH, which absorb CO, from the atmosphere 
and precipitate hydroxides frem solutions of the metals, thus resembling thaUous 
hydroxide TlOH (B. 37 , 2051). 


G. ALKYL DERIVATIVES OF LEAD 

These are very similar to the derivatives of tin (p. 182), but those 
TOntaining two alkyl groups combined with one atom, of lead do not 
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exist. In these the lead, as in most of its inorganic derivatives, wotdd be 
bivalent. Lead alkyls are produced (i) by acting on lead chloride 
with zinc ethyl or magnesium ethyl iodide (B. 37 , 1127) : Pb(C2H5)4 ; 
(2) by the interaction of alkyl iodides and lead-sodium : Pb2(C2H5)e. 

Lead Tetramethide, Pb(CH,)4, b.p. no**. Lead Tetraethide, and 

Lead Triethide, Pb|(CsH5) 9, are oily liquids which cannot be distilled without 
decomposition. Lead Triethyl Chloride, Pb(C2H,),C^ and Lead Triethyl Iodide, 
Pb(C|H,),I, are prepared from lead tetraethyl and thcthyl by hydrochloric acid 
or iodine. The iodide is transformed by moist silver oxide into a thick strongly 
alkaline liquid, dissolving with difficulty in water and forming salts with acids. 
Lead Triethyl Sulphate, [l:’b(C,H5)3]2S04, is slightly soluble in water. 


2. ALDEHYDES AND 3. KETONES 

When the derivative& of the methane hydrocarbons ' containing 
oxygen were discussed, attention was directed to the intimate genetic 
relations existing on the one hand between the primary alcohols, 
the aldehydes and mono-carboxylic acids, *and on the other between 
the secondary alcohols and the ketones (p. 100). 

Aldehydes and ketones contain the carbonyl group CO, which in 
the latter unites with two alkyl groups, but in the former is combined 
with only one alkyl and one hydrogen atom : 

Aldehyde. Dimethyl Ketone. 

This expresses the similarity and tlie difference in character of 
aldehydes and ketones. 

Aldehydes and ketones may be considered as the oxides of bivalent 
radicals, or as the anhydrides of dihydroxy alcohols, or glycols, in which 
both hydroxyl groups are attached to the same terminal or inter- 
mediate carbon atom. Whenever the formation of dihydroxyl deriva- 
tives of the type >C<q^jj might be expected, then, except in very 

rare instances, water separates, an anhydride is produced, and double 
union between carbon and oxygen follows, with the production of the 
carbonyl group >C= 0 . Ethers, however, of dihydroxy alcohols, of 
the ortho-aldehydes and ortho-ketones, can exist, e.g. : 

CH,.CH(0.C,H3), and CH,.C(O.C2Hj)„CH,. 

The three classes of alcohols (p. 102) are differentiated from each 
other by the words primary, secondary, and tertiary ; the oxidation 
products, however, of the f rst two have received special names — ^alde- 
hyde and ketone — although they are no more different from each other 
than their respective parent alcohols. A practical and excellent 
nomenclature would have been primary aitti secondary aldehydes, for 
then the name aldehyde, derived by Liebig from alcohol dehydrog^aius 
(p* ^99)' would have applied to both. The contplete difference in the 
designation of aldehyde and ketone leads to the separate description 
of the formation and reactions of the two classes of bodies (AnschiU£), 

The following principal methods of formation are conunon to 
aldehydes and ketones : 
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(i) Oxidation of the alcohols, wheieby the primary alcohols change 
to aldehydes and the secondary to ketones (p. 103). 

In this oxidation an oxygen atom enters the molecule between a hydrogen 
atom and the carbon atom to which the hydroxyl group is joined. In the moment 
of formation the expected hydroxy alcohol splits off water, and its anhydride 
results, — an aldehyde or ketone : 

CH,CH,OH (CH,.CH<^U) ^ CH,.C<g+H,0. 

Primary Alcohol. Cannot exist. Aldehyde. 

ch.>choh (cg;>c<8g) > ^g;>c=o+H.o. 

Sec.-Propyl Alcohol. Cannot exist. Acetone. 

By further oxidation the aldehydes become changed into acids — the hydrides 
oj the acid radicals , — ^whilst the ketones are decomposed. 

Conversely, aldehydes and ketones are .reconverted into primary 
and secondary alcohols by an addition of hydrogen : 

CH,.(;HO+Ha=CH,.CH,.OH. 

Aldehyde. Ethyl Alcohol. 

ch;>co+h.=ch;>ch.oh. 

Aceto e. Isopropyl Alcohol. 


Because the aldehydes and ketones manifest an additive power 
with reference to hydrogen, they may be compared with compounds 
containing doubly linked carbon atoms, which also, by a dissolution of 
their double union, can add hydrogen. Compounds of this class 
having in their molecules carbon atoms which are doubly or trebly 
united, are in the more restricted sense called unsaturated carbon 
derivatives*' (p. 69). This idea may be extended, and all carbon 
derivatives having atoms of other elements in double or treble union 
with carbon, may be considered as “ unsaturated” From this stand- 
point the aldehydes and ketones are unsaturated bodies (p. 23), and 
in fact most of the reactions of these two classes are due to the additive 
power of the unsaturated carbonyl group. ' „ 

(2) The dry distillation of a mixture of the calcium, or better, 
barium salts of two monobasic fatty acids produces aldehydes or 
ketones according as one of the acids be formic Jicid or not. 


H.COO 

H.COO 


>Ca-f 


CHa.COO 

CH,.COO 


>Ca = 


Calcium Formate. Calcium Acetate. 


CHj.COH 

CHg.COH 


-l-2CaCO,. 


Acetaldehyde. 


It is the hydrogen of the formate which reduces the acid, whereby 
an aldehyde results. " / 

In all other instances ketones result, and they arc either simple, 
with two similar alkyl groups, or mixed, with two dissimilar alkyls : 

cj!::coo>^=cH;>co+c»‘co.. 

* Acetone. 


CH,.COO 

CH,.COO 


>C»+c;H!cOO>C»=*'cH;>CO+*CaCO,. 
Calcium Propionate. Ethyl Methyl Ketone. 




On extending this reaction to the calcium salts of adipic, pimelic and suberic 
acids, cyclo-paraffin ketones are produced* 
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2A. ALDEHYDES OF THE SATURATED SERIES, PARAFFIN 
ALDEHYDES, CnHgn+i.CHO 

The aldehydes exhibit in their properties a gradation in behaviour 
similar to that of the alcohols. The lower members are volatile 
liquids, soluble in water, and have a peculiar odour, but the higher 
are solids, insoluble in water, and cannot be distilled without decom- 
position. In general they are more volatile and dissolve with more 
difficulty in water than the alcohols. Chemically the aldehydes are 
neutral substances (B. 39, 344). ^ 

The reactivity of the aldehydes places them amongst the most 
important substances for purposes of synthesis, and it is for this reason 
that the large number of methods for their preparation is being con- 
siderably increased, especially during the latter years (Bull. Soc. Chim. 

[3] 31, 1306). 

Formation, — (i) By the oxidation of primary alcohols, whereby 
the — CH2.OH group becomes changed to — CHO (p. 190). 

The above oxidation may be effected by atmospheric oxygen in presence of 
spongy platinum, and by the action of potassium dichromate or Mn02 and dilute 
stolphuric acid (B. 5 , 699). Chlorine acts similarly in that it first oxidizes the 
primary alcohols, but then substitutes the alkyl groups of the aldehydes which 
have been formed (p. 196). 

Oxidation of alcohol leads to a good yield of aldehyde with the lower mem- 
bers of the series only, where the product is sufficiently volatile to escape 
quickly from the region of reaction ; otherwise the aldehyde is further oxidized 
to a carboxylic acid, which in turn unites with some of the unchanged alcohol 
to form an ester. 

(;2) A direct decomposition of a primary alcohol into Hg and an aldehyde is 
brought about by passing alcohol vapours through a red hot tube, or, better, over 
finely divided copper at 200-350® (B. 36 , 1990; C. 1905. I- 1002). 

(3) Primary amines are oxidized to aldehydes by the air in presence of 
powdered copper (comp. p. 163). 

The following methods of preparation depend on the reduction of carboxylic 
acids : — 

(4) By heating^ the calcium salts of fatty acids with calcium 

formate. This operation, when working with aldehydes which vola- 
tilize with difficulty, should be carried out under diminished pressure 
(p. 49) (B. 13, 1413). , . , . 

(5) By the action of nascent hydrogen (produced by sodium 
amalgam, or, better, by sodium on the moist ethereal solution 
B. 29, R. 662) of the clilorides of the acid radicals or their oxides, 
the acid anhydrides : 

CHj.coc: +2 H =ch,.coh -i-fta. 

Acetyl Chloride. Acetaldehyde. 

ChI:CO>0 + 4 H =aCH,.COir,+H^O. 

Acetic Anhydride. Acetaldehyde. 

Hydrazones of the aldehydes are obtained by redaction of imido-ethers of 
carboxylic acids by sodium amalgam in acid solution in the presence of hydra- 
zines (B. 38 , 1362). 

In accordance with methods (3) and (4) the aldehydes may be 
viewed as hydrides of the acid radicals. 
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( 6 J Of practical importance is the preparation of aldehydes by the 
splitting up, or hydrolysis of their compounds : 


(a) from aldehyde-ammonia and aldehyde-bisulphite compounds (see below) ; 
from oximes and hydrazones (p. 196)1 ; 

(b) from aldehyde chlorides (p. 196} by heating them with water and lead 
oxide : 

CH.CHCl, CHaCHCOH), ^ CHsCHO ; 

{c) from ethers and enters of aldehyde hydrate, the acetals and dlkylidene 
diacetates, by means of dilute alkalis or acids : 


/OR 

CH.CH<o^ 


CH,CH< 


/OH 

\:)H 


CH,CHO. 


In the course of these reactions i,i~glycols, dihydroxyl compounds, should 
be formed ; if they are, they instantly give up water and pass into aldehydes 
(p. 190). The following methods of formation from i', 2-glycols take their places 
systematically here. 

(7) From ethylene glycol or its ethers, or from ethylene oxide by 
the withdrawal of water or alcohol and internal rearrangement : 


{a) Ethylene glycol, CHjOH.CHjOH, yields acetaldehyde when heated with 
zinc chloride, P, 0 „"sulphuric ecid, etc.. Diethylene ether, 0 (CH 2 .CH 2 ) 20 , maybe 
assumed to be an intermediate product (C. 1907, I- 15). 

( 6 ) Primary-secondary ethylene glycols yield a mixture of aldehydes and 
ketones when similarly treated. 

(c) Primary-tertiary ethylene glycols yield aldehydes when heated with 
anhydrous formic and oxalic acid ; the ethers, R2C(OH}.CH«OR, react parti- 
cularly easily (B. 39 , 2288 ; A. Ch. phys. [8] 9 , 484) ; 

R2C(0H).CH20C8H5=R2CH.CH0-|-C8H50H. 

(«f) Ethylene oxide and its homologues, especially the primary-tertiary com- 
pound, undergo internal rearrangement when heated with zinc chloride, a 
contact substance, or even alone, to form principally aldehydes ( 13 . 36 , 20x6 ; 
C. 1905. II. 237) : 


CH.v 

I >0 
cn/ 


CH, CH,(C,H 5 )Cv 

I J I ‘ 

CHO HaC^ 


(CHJCCaHJCH 

HCO. 


1,3-glycols also yield some aldehyde, together with trimcthylene oxides. 

(8) The sodium salts of the primary nitro-paraffins yield aldehydes and N ,0 
when treated with acids. Nitro-ajS- olefines of the formula RCH^CHNO, on 
reduction yield oximes of the aldehydes (C. 1903, 11 , 553) : 

{CHJ,C:CHNO, — ^ (CH2)2CH.CH NOH — > (CH2)2CH.CHO. 

Compare the cleavage of secondary chloramines, RjNCl, and nitramines, 
RsN.NO, (pp. 167, 1G9), into aldehydes, also their formation from aP^olefine alhyl 
ethers, RCH : CHOCjH, (p. 1-^9), by hydrolysis. 

Since the nitro-olefines are formed from aldehydes by means of nitromethane 
(p. 151), these changes can be looked on as a step-by-step synthesis up the aldehyde 
series. 


Such a building up of the aldehydes can be carried out by the 
organo-magnesium synthesis (p. 186). 

(9) Alkyl magnesium halides with an excess of formic acid ester 
or formic acid dialkyl aniides yield aldehydes : with orthoformic acid 
ester, acetals (p. 205) ; 'with isonitriles and with formimido-ethers, 
aldehyde imides (p. 211) (A. 847 , 348 ; B. 87 , 186, 875 ; C. 1904, I. 
1077 ; 1905, 1. 219) : ' 


RMgXH-HCO,C,H, - 




■ RCHO+XMgOC,H,. 

• RCHO+XMgN{C,HJ,. 


RMgX+HCON(C,H, 

RMgX+HC(OC,H,); >■ RCH(OC,H,)~,+ 3 CMg< 3 C,H,. 

RMgX+C,H,N:CHOC,H, >■ RCH:NC,H,+XMgOC,H,. 
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A]so» formates are partially converted into aldehydes hy means of alkyl 
magnesium halides (C. 1901, II. 765). 

(10) olefine aldehydes, or better their acetals, yield paraffin aldehydes on 
reduction (B. 81 * 1900). Since the olefine aldehydes result from condensation 
of the lower paraffin aldehydes (p. 196) this also constitutes a method of passing 
synthetically up the aldehyde series. 

Conversely, the following degradation reactions may be employed in the 
production of aldehydes. 

(11) a-Hydroxycarboxylic acids, RCH(OH)COOH, which are easily obtained 

from the fatty acids, yield aldehydes and some formic acid, or CO+H, 0 , by 
treatment with sulphuric acid. A better method is to heat the hydroxy-acids, 
converting them by loss of water into lachdes, and to distil these, so that they lose 
CO and pass into aldehydes (C. 1904, I. 10O5) ; ^ 

CH,CH(OH)COOH=CH,CHO + HCOOH. 

Lactic Acid. Acetaldehyde Eormic Acid. 

2C4H,CH(0H)C00H ^C4H,CH<°^q>CHC,H, -7— aC,H,CHO+2CO. 

a-Hydroxycapromc Acid. Valeraldehyde. 

• 

(12) Connected with this reaction is the foiinaljon of aldehyde by heating 
ethylene oxide carboxylic acid, or glycidic arids, whereby ethylene oxides are 
formed which become rearranged (Method of loinjation, yd, p. 192) into aldehyde 
(C. 190b, 11 . 1297). 

(CHJ,C (CHJ,CH 

I >0 ^ I +CO,. 

HOCO.CH Clio 

Similarly, a-ketonic acids when heated with dilute sulphuric acid, yield aldehyde 
+CO,. 

CHjCOCOOH CH,CHO+CO,. 

(13) Olefines absoib ozone to loim ozonides (p. 84), which may be decomposed 
by watei, giving the results indicated as iollows (A. 343 , 311) : — 

CH,[CHJ,CH;CH[CH,],COOH CH,rCH,],CHO+OCH[CHJ,COOH. 

Oleic Acid. Nonyl Aldehyde. Aiielaic Aldchydic Acid, 

This reaction is particularly important for the determination of constitution 

and for the preparation of dialdchydes and ketone-aldehydes. 


Quite frequently* aldehydes occur among the decomposition pro- 
ducts of complex caibon compounds, sucii as albumins, as the result 
of their oxidation \vith manganese dioxide or dichromate and dilute 
sulphuric acid. 

Nomenclature and Isomerism. — Empirically, the aldehydes are dis- 
tinguished from the alcohols by possessing two atoms less of hydrogen 
— hence their name, suggested by Liebig (from Alkohol dehydrogenatus), 
e.g. ethyl aldehyde, propyl aldehyde, etc., etc. On account of th^ir 
intimate relationship to the acids, their names are also derived from 
the latter, hke acetaldehyde, propionaldehyde, etc. 

In the Geneva nomenclature ” the names of ^he aldehydes are formed from 
the corresponding saturated hydrocarbons by the addihon of the suflix al ; thus 
ethyl- or acetaldehyde would be termed [et^nal] (p. 42). 

I 

As there is an aldehyde corresponding with every primary alcohol, 
the number of isomeric aldehydes of definite carbon content equals 
the number of possible primary alcohols having the same carbon 
content (p. loi). The aldehydes are isomeric with the ketones, the 
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unsaturated olefine alcohols, and the anhydrides of the ethylene- 
glycol series, containing an equal number of carbon atoms, e,g. : 

CH,.CH,.CHO isomeric with CH,.CO.CH, CH,=CHCH,OH CH,<^2*>0. 

Propionaldebyde. Acetone. Allyl Alcohol. Trimcthylene Oxide. 

Reactions of the Aldehydes : A. Reactions in which the carbon 
nucleus of the aldehydes remains the same. 

(i) Aldehydes, by oxidation, yield monocarboxylic acids with a 
like carbon content. They are powerful reducing agents : 

CH,C <^ +0 =CH,— 

Their ready oxidation -gives rise to important reactions serving for their 
detection and recognition. On adding an aqueous aldehyde solution to a weak 
ammoniacal silver nitrate solution, silver separates on the sides of the vessel as 
a brilliant mirror ; alkaline copper solutions are also reduced. They impart 
an intense violet colour to a fuchsin solution previously decolorized by sul- 
phurous acid. Further, aldehydes produce a violet-red coloration in a solution 
of diazobenzene sulphonic acid in sodium hydroxide, in the presence of sodium 
amalgam. On the exceptions ''to, and the limitation of, these reactions, see 
B. 14, 675. 791 , 1848 ; 15, 1635, 1828 ; 16, 657 ; 17, R. 385. 

When oxygen or air is conducted through the hot solution of an aldehyde 
(such as paraldehyde) in potassium hydroxide, a display of light is observed in the 
dark ; many aldehyde derivatives, and even dextrose, behave similarly (B. 10, 
321). Aldehydes absorb oxygen from the air. The oxygen in this solution, like 
ozone, liberates iodine from a potassium iodide solution (B. 29 , 1454). 

Aldehydes form addition-products with ozone, which, with water, yield 
aldehydes at low temperatures and acids at high (A. 343 , 326). 

Salts of mtrohydroxylaminic acid, e.g. HONrNOONa, which is formed from 
hydroxylamine, alkyl nitrates, and sodium alcoholate, form hydroxamic acids 

with aldehydes, which arc easily detected by the red colour given 

with ferric chloride (a sensitive reaction for aldehydes: C. 1904, I. 1204). 


2. Acetaldehyde is resinified by alkalis ; other aldehydes are 
transformed by alcoholic alkali solutions into acids and alcohols — 
particularly the aromatic aldehydes (see Benzaldehyde, Vol. II.), 
where the aldol condensation is impossible (p.'igb). Among the 
aliphatic series, a similar reaction is brought about by barium 
hydroxide solution in the case of isobutyl aldehyde (C. 1901, II. 
762). A carboxylic ester of an alcohol may be assumed to be 
formed as an intermediate product, which is decomposed by the 
barium hydroxide : 


2(CHJ,CHCH0 


4 


(CHJ.CHC— H 

'"'O-CO.CHJCH,), 


(CHJ,CHCH,OH+CO,H.CH(CHJ,. 


Esters do actually t--esidt, even from the simplest aldehydes, with 
anhydrous condensing agents, such as the aluminium alkylates ; for 
instance, Al(OCH3)3 \/ith formaldehyde, or trioxymethylenes, give 
metiiyl formate, with acetaldehyde ethyl acetate, with propionaldebyde 
propyl propionate, with chloral trichlorethyl trichloracetate, etc. 
(C. iyo 6 . II. 155*)- 

The eaiie with which the double bond between the carbon-oxygen 
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atoms is broken is the cause of a large number of addition reactions, 
which are in part followed by a loss of water. 

(3) Aldehydes, by the addition of nascent hydrogen, or of mole- 
cular hydrogen in presence of reduced nickel (C. 1903, II. 708), are 
converted into the primary alcohols, from which they are obtained 
by oxidation : 

CHj.CHO +2H =CH,.CH, 0 H. 

(4) Behaviour of the aldehydes towards water and alcohols, {a) Ordi- 
narily, aldehydes do not combine with water (comp. p. 199 ; 
CIl2(OH)2). The polyhalide aldehydes, e.g. chloral, hromal, butyl chloral 
(pp. 202, 203), however, have this power, and J^ield feeble and readily 
decomposable hydrates, representatives of dihydroxy alcohols or glycols, 
both hydroxyl groups of which are attached to the same carbon atom : 

ca,cH<°2 cH,.CHa.cci,cn<^2. 

Chloral Hydrate. Bromal Hydiate. Butyl Chloral Hydrate. 

{b) Tt is also only the polyhalido aldehyde^ e.g, chloral, which unite with 
alcohols, forming aldehyde-alcoholates : 

C 61 aCH<Qy**** Chloial Alcoholate. < 

(c) The ordinary aldehydes yield acetals with the alcohols at 100® (p. 205) ; 

CH,.CH 0 + 2 C,H,. 0 H=CH,.CH<^-^*^*+H, 0 . 

Acf tal 01 tihyhdi he Djelhyl Ether. 

(5) Behaviour of the aldehydes with hydrogen sulphide and mercaptans : (a) hydro* 
gen sulphide and hydrochloiic acid convcit the aldehydes into trithioaldehydes ; 
(b) with mercaptans the aldehydes enter into an acetal synthesis under the 
influence of hydrochloric acid (p. 209). 

(()) Aldehydes and acid anhydrides unite to form esters of the hydroxy- 
alcohols or glycols, which are not stable in an isolated condition. Indeed, the 
aldehydes may be regarded as their anhydrides (p. 189) : 

CH..CHO+g|H;g>0=CH..CH<g;C.Hg. 

• Ethylidene Diacelate. 

(7) Aldehydes unite in a similar manner with alkali bisulphites, 
forming crystalline compounds : 

CH,.CHO+NaHSO,=CH,.CH<g^^^. 

(Constitution, see p. 207.) The aldehydes may be liberated from 
these salts by distillation with dilute sulphuric acid or aqueous sodium 
hydroxide. This procedure permits of the separation and purification 
of aldehydes from other substances. 

(8) Behaviour of aldehydes with ammonia, primary alkylamines, 
hydroxylamine, and phenylhydrazine (C6H5.NH,NH2). (a) Tliey unite 
directly with ammonia to form crystalline compounds, called alde- 
hyde-ammonias, These are readily soluble in water but not in ether, 
hence ammonia gas will precipitate them in crystalline form from the 
ethereal solution of the aldehydes. They are rather unstable, and 
dilute acids again resolve them into their components. Pyridine 
bases are produced when the aldehyde-ammonias are heated. 
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(6) 'Aldehydes and primary amines combine, with loss of water, 
to form aldehy^-imides (p. 158). 

(c) The sddehydes unite with hydroxylamine to form cddoximes 
with accompanying liberation of water (V. Meyer, B. 15 , 2778). 

It is evident that at first, in these cases, there is formed an unstable 
intermediate product (compare chloral hydroxylamine, p. 212) corre- 
sponding with aldehyde-ammonia : 

*r. 

CH,C^° — ■ > CH,.CH:NOH. 

( <* 

(d) The aldehydes behave similarly with phenylhydrazine : water 
separates and hydrazmtes (E, Fischer) result : 

CH,.CH0-FHaN.NHC,H*=CH3.CH:NNHC.H5+H,0. 

These substances serve well for the detection and characteri- 
zation of the aldehydes. The aldoximes and hydrazones, when boiled 
with acids, absorb water and revert to their parent substances. They 
yield primary amines when reduced (p. 158). 

i 

{e) Hydrazine, semicarbazide (q.v.), ^-amido-dimethylaniline (B. 17 , 2939), 
amidophenols, and other aromatic bases {Schiff, B. 25 , 2020) react with aldehydes, 
similarly to phenylhydrazine and its substitution products. 

(9) Compounds are formed by the action of phosphorus trichloride on 
aldehydes, which are converted by water into hydroxcUkyl phospho-acids, e.g. 
CH,.CH(OH)PO(OH), (B. 18 , R. iii). 

(10) Phosphorus pentachloride and phosphorus trichloro-dibromide 
cause the replacement of the aldehyde oxygen by chlorine or bromine 
and yield dichlorides and dibromides, in which the two halogen atoms 
are linked to a terminal carbon atom (p. 94) : 

CH ,CHO -h PCI, =CH,CHC 1 , -f POCl,. 

(11) The hydrogen atoms of the alkyl groups otthe aldehydes may 
be replaced by chlorine and bromine, as weU as b}^^ iodine and iodic 
acid. 

(12) The lower members of the homologous series of the aldehydes 
polymerize very readily. The polymerization of the aldehydes and 
thioaldehydcs depends on the union of several aldehyde radicals, 
CH3.CH=, through the oxygen or sulphur atoms (A. 203 , 44). This 
phenomenon will be fully treated under formaldehyde and acetalde- 
hyde (p. 197). 

B. Nucleus synthetic Reactions of the Aldehydes, 

(i) Aldol Condensations. — Two or more aldehyde molecules may 
unite together, under proper conditions, by means of their carbon 
linkings. Thus, aldehyde alcohols are formed from two aldehyde 
molecules, e,g* acetal^hyde yields Aldol {Wiirtz) or j8-hydroxy- 
bufyraldehyde, CH3.CHOH.CH2.CHO (^.w.) ; from three aldehyde 
molecules fatty acid esters of the glycols are formed, as for example, 
isobutyl aldehyde which gives rise to monoisobutyryl octyl glycol, 
’(CH3)2.CH.CH(0H).C(CH3)2.CH20C0.CH(CH8)2 (C. 1898, II. 4 i 61 - 
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Siliiilarly, aldehyde or chloral and acetone (p. 221), aldehyde and malonic 
or cyanacetic ester and others, unite with one another. But almost invariably 
’^the resulting hydroxy-derivatives split oS water and pass into unsaturated 
bodies : aldol into crotonMehyde, CH,CH=CH.CHO. for example. On the other ^ 
hand, if the aldehyde group is joined to a secondary alcohol radical, the aldol ' 
condensation occurs as before, but no olefine aldehyde can be obtained from the 
aldol formed. If the aldehyde group is united to a tertiary alcohol radical, no 
aldol condensation takes place (C. 1901, 1. 1266). 

These are nucleus-syntheses and are often teamed eondensation reactions. 
The reagents suitable for the production of such reactions arc mineral acids, 
zinc chloride, alkali hydroxides, solutions of sodium acetate or potassium cyanide, 
small quantities of amines or their salts, etc. Condensation reactions, in which 
an aliphatic aldehyde plays the r61e of one of the com|)onent or parent substances, 
will be frequently encountered. A reaction discovered by Perkin, Sr., when 
working with aromatic aldehydes, has been employed quite frequently to unite 
aldehydes and acetic acid, as well as mono-alkyl acetic acids, in such a manner 
that the products are unsaturated monocaiboxylic acids (see nonylenic aetdj. 
The aldehydes unite in like manner with succinic acid, forining y-lactone carboxylic 
acids — the paraconic acids (q.v.). 


(2) Aldehydes can also unite with zinc or magnesium alkyls, 
whereby the double union between cailDon and oxygen is broken. 
The action of water on the addition product produces a secondary" 
alcohol (p. 106). Olefine alcohols result by the use of allyl iodide andf 
zinc or magnesium (p. 124). 

(3«) Aldehydes also combine with hydrogen cyanide, yielding 
hydroxy-cyanides or cyanhydrins — the nitriles of a-hydroxy~acids 
which will be discussed after the a-hydroxy-acids themselves, and 
which can be obtained from them by means of hydrochloric acid i 


CH,.CHO -hHNC -=CH,.CH 


^CN 

'^OH 


HU 


^ CHj.CH 

Lactic Acid 


^CO,H 

>OH 


(6) Aldehydes and ammonium cyanide react together, when water separates, 
and the nitriles of oramino-acids, e.g. result. When treated with 

hydrochloric acid they yield amino-acids (q v.). The same afnino~nitriles are 
produced by the action of CNH on the aldehyde-ammonias, and from the 
hydroxy-cyanides and ammonia. Cyanides of a-amlino and a-phenylkydrasino- 
acids are formed bjf the addition of hydrocyanic acid to the aliphatic aldehyde- 
anilines and aldehyde phenylhydrazones and aldoximes (B. 25, 2020). 

(4) Diazomethane (p. zij) and aldehydes produce alkyl-methyl ketones, with 
evolution of nitrogen, and probably with the formation of an intermediary 
addition product (B. 40, 479> ^47) ' 


C,Hi,CH CH, 

II + / \ 

O N=N 


Aromatic diazo-compounds react similarly wAh many aldoximes, forming 
fatty-aromatic ketoximes (B. 40, 737). 


Formio Aldehyde, Mdhyl Aldehyde ’[Methanal], H.C<f 2 > *“•?• 

about -92“ (B. 84 , 635). b.p. about -21°, D-8,^=o-9i72, D_2o =0-8153, 
was discovered by W. Hofmann, and was until recently only kno'^ 
in aqueous solution and in vapour form. It may, as was sho^ 
Kekuli, be condensed, by lowering the temperature to a colourless liquid. 
Liquid formaldehyde changes slowly at —20®, rapidly 
temperature, vjith a crackling noise, into trioxymihyUne^\C&^l% 
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2435^ This polymeric modification was known before the simple 
formaldehyde, into which it is changed by heat. Formaldehyde 
possesses a sharp, penetrating odour, and destroys bacteria of the most 
varied types ; it is, therefore, ipplied (under the name of formalin) 
either in solution or as a gas, for disinfecting purposes. Many of its 
compounds with organic bodies are suitable for this purpose, as they 
regenerate formaldehyde more or less easily (B. 27 , R. 757, 803 ; 28 , 
R. 938 ; 29 , R. 178, 288, 426 ; C. 1900, 1 . 263, 791, etc.). 

Methods of Formation. — (i) It is produced when the vapours of 
methyl alcohol, mixed with air, are conducted over an ignited platinum 
spiral or ignited copper gauze (J. pr. Ch. 33, 321 ; B. 19 , 2133 ; 20, 
144 ; A. 243, 335) : lamps have been constructed for this purpose 
(B. 28 , 261). 

(2) When chlorine and bromine act on methyl alcohol, formaldehyde is pro- 
duced (B. 26 , 268), and is converted by them in suiiiight into halogen acids and 
carbon dioxide (B. 29 , R. 88). 

(3) If a mixture of m'itliane (obtained from the distillation of 
wood, p. 71) and air is passed over heated copper gauze, formal- 

. dehyde is formed (C. 1905, L 1132). 

(4) It also arises in small quantity in the distillation of calcium formate, 

(5) Further, by the digestion of methylal, CH2(OCHa)2 (p. 205), with sulphuric 
acid (B. 19 , 1841). ((j) From the nitiile of acetyl glycollic acid, CHj.COOCHaCN, 

by the action of an amnioniacal silver solution (C. 1900, II. 312]. 

Technically, formaldehyde is prepared from methyl alcohol or methane, 
and its 40 per cent, aqueous solution and many derivatives are known to com- 
merce ; the year's production of formaldehyde reaches a million kg. (Z. angew. 
Ch. 19 , 1412). The strength of the solution can be cbtimatcd by converting the 
formaldehyde into hexamethylcne tetramine (CH2)aN4 (iJ. 16 , 1333 ; 22, 1565, 
1929 ; 26 , R. 415), or into dimethylene />-dihy(lrazino])honyl ( 13 . 32 , 1961). 
The following methods are, however, more exact. The lormaldchydc is trans- 
formed by hydrogen peroxide in alkaline solution of known strength into sodium 
formate and hydrogen, under the inducnce of its own heat generation : 

2CHaO+2NaOH+H,Og=2lIC02Na+2ns^O-hH*. 

From the back titration of the unused alkali the quantity of formic acid can be 
found. 

Also, .silver oxide or CugO generate hydrogen from an alkaline formaldehyde 
solution (B. 36 , 3304). By the silent clcctiic discharge, formaldehyde is partially 
decomposed into CO and Hg (C. iyo6, II. 227). HaOg or BaOa in acid or neutral 
solution change formaldehyde into COg and Ha (B. 37, 51*)). 

The estimation can also be carried out by treatment with an alkaline iodine 
solution and back titration with thiosulphate (C. 1905, I. 630). 

Formaldehyde and sodium sulphite solution unite -with liberation of sodium 
hydroxide, the titration of whch gives the quantity of formaldehyde. This 
reaction can also be employed for the estimation of aldehyde polymers (C. 1904, 
II. 26^). 

Dilute solutions of the alkali hydroxides partially transfoim formaldehyde 
into formic acid and methyl aldbhol (comp. p. lot sind B. 38 , 2336). A modified 
aldol condensation occurs with cxcc.ss of such alkalis as lime, calcium carbonate, 
or lead oxide (p. 1 96), giving rise to glycol aldehyde, C2H40a, i-arabinose, CjHjqOj, 
and various hexoses, CjHiaOj, of which the principal is a acrose or [rf-f-/] — 
fructose (B. 89, 45, 1592). 

This reaction gives a powerful support to the theories of assimilation of carbon 
dioridc in plants (B. 3 , 67 ; J. pr. Ch. [2] 33 , 344). 

Formal Vhyde, acted on by acetaldehyde and lime yields pcnta-erythritol, 
,C(CHaOH )4 (B. 26, R. 7 x 3 ); with nitromethane (p. 131 ) it give^ nitro-tert.-butyl 
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glycerol, NO,C.(CH|OH)a ; with picoline (Vol. II.) it yields trimethylol- 
picoline, (C5H4N)C(CH90H)8* Thus, formaldehyde shows a strong tendency to 
unite repeatedly with reactive CH3- groups, to form aldol-like bodies of increasing 
complexity. 

^ In the very numerous reactions of formaldehyde its oxygen unites with two 
hydrogen atoms of the reacting body to yield water. It is immaterial whether 
the hydrogen is in union with carbon, nitrogen, or oxygen. The products are 
diphenylmcthane derivatives, methylene aniline, and formats of polyhydric 
alcohols (A. 289, 20). 

Polymeric Modifications of Formaldehyde. — The concentrated aqueous solution 

OH 

of formic acid not only contains volatile CHjO, but also the hydrate CH8<Qg, 

i.e. hypothetical methylene glycol, and non-volatile polyhydrates^ e.g. 
(CH2)aO{OH)8, corresponding with polyethylene glycols. Therefore the determi- 
nations of the molecular weight of the solution, by the method of Raoult, have 
yielded different values (B. 21, 3503 ; 22, 472). On complete evaporation of 
the solution the hydrates condense to the solid water-soluble paraformaldehyde, 
(CHaO)„, possibly diformaldehyde, (CHaO),*. , 

Trioxymethylene, (CHaO)3, Metaformaldehyde {Butlerow), m.p. 171-172®, 
is distinguished from the so-called paraformaldehyde, whose simplicity has not 
yet been established, by its insolubility in water, alcohol, and ether. It is 
obtained by the action of silver oxide on methylene iodide, or by heating methy- 
lene diacetate ester with water to 100® : by distilling glycollic acid with a little 
concentrated sulphuric acid, and by passing monocliloracetic acid through a 
red-hot tube (C. 1898, I. 372). It is a white, indefinitely crystalline mass. The 
vapours have the formula CHgO, which corresponds with their density. When * 
cooled they again condense to the trimolecular form. When it is heated with 
water to 130® it changes to the simple molecule CHaO, but by prolonged heating 
carbon dioxide and methyl alcohol are produced (B. 29, R. 088). 

WJicij drv trioxy methylene is heated with a trace of sulphuric acid to 115® 
in a sealed tubi it is changed into the isomeric a-Trioxy methylene, (CHaO),, m.p. 
60-61® (B. 17, K. 567). 

The polymeric modifications of formaldehyde have not yet been as success- 
fully studied as the polymeric acetaldehydes (C. 1904, II. 21, 585). 

In contact with peroxide, such as BaO, and SrO,, and in the presence of 
water, the polymerized formahlehydes are catalytically changed into the simple 
form, accompanied by the disengagement of a considerable quantity of heat 
(C. 1906, II. 1135). 

Acetaldehyde, Ethyl Aldehyde, Ethylidene Oxide [Ethanal], C2H4O 
= CH3.CH0, m.p.. -120°, b.p. 20*8°, Do = o-8oo9 (B. 23, 638), is ' 
prepared according to the usual methods : (i) From ethyl alcohol ; 
(2) from calcium acetate ; (3) from acetyl chloride or acetic anhydride ; 

(4) from ethylidene chloride from acetal and ethylidene diacetate ; 

(5) from ethylene oxide ; (6) from lactic acid ; (7) from sodium nitro- 
ethane ; and (8) from acetylene (p. 86). It occurs in the first 
runnings in the rectification of spirit, and is formed, too, by the oxida- 
tion of alcohol when filtered through wood charcoal (p. 115). 

History. — In 1774 Scheele noticed that aldehyde was formed when alcohol 
was oxidized with manganese dioxide and sulphuric acid. Dbbereiner, however, 
was the first to isolate the aldehyde in the form of aldehyde-ammonia, which 
he gave for investigation to Liebig, who then i^stablislicd the composition of 
aldehyde and showed its relation to alcohol. It Ivas Lichtg who introduced 
the name Al(coh 6 \)-dehyd( )(rogenatus) into chemical science (A. 14, 133 ; 

22, 273 ; 25, 17). Ordinary aldehyde readily polymerizes to \\c\\i\(} paraldehyde, 
and solid metaldehyde. Fehling first observed the former, and Liebig the latter. . 
KekuU and Zincke determined the conditions of formation for the aldehyde 
modifications and cleared up the somewhat confused reaction relations (A. 162, 
125). 

Preparation,-^o per cent, ethyl alcohol is oxidized by dropping into it a 
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mixtore of a solution of 3 parts of potassium dichromate in Z2 parts of wattf 
and 4 parts of concentrated sulphunc acid (B. 27, R. 471) The escaping aldehyde 
vapours are conducted into an ethereal solution of ammonia, when the aldehyde- 
ammonia separates in a crystalhne form Pure aldehyde may be liberated 
from this by dilute sulphuric acid, and dried over dehydrated calcium chloride 

Acetaldehyde is a mobile, pcculiar-smelhng liquid, miscible m all 
proportions with water, ether and alcohol. It is prepared techm- 
cally m order to obtain paraldehyde and quinaldine (q.v ). 

Polymerle Aldehydes — Small quantities of acids (HCl, SO|) or salts (especially 
ZnCl|, CHsCOgNa) convert aldehyde at ordinary temperatures into paraldehyde, 
(C2H40)s mp 124® D20-09943, the change is accompanied by evolution of 
heat and contraction in volume and is particularly rapid, if a few drops of 
sulphunc acid be added to the aldehyde Paraldehyde is a colourless liquid, 
and dissolves in about 12 vols H^O . it is, however, more soluble in the cold 
than when warm This behaviour would point to the foimxtion of a hydrate 
The vapour density agr6es with the formula C^HnOs Paraldehyde is employed' 
in medicine as a soporific When distilled with sulphunc acid ordinary aldehyde 
IS generated Bromine at o® enters the molecule without disturbance, forming 
parabromacctaldehyde (C 1900, I 1201) 

Metaldehyde, (C2H40)j or (^sH40)4 (C 1902, II 1096) is produced by the 
same reagents (see above) acting on ordinary aldehyde at temperatures below o® 
It IS a white crystalline body, insoluble in water, but readily dissolved by hot 
* alcohol and ether If heated to 1 1 2®-i 1 5® it sublimes without previously melting, 
and passes into ordinary aldehyde with only slight decomposition Wlien heated 
in a sealed tube the change is complete Exposed for several days to a tempera- 
ture varying from 60® to 63®, metaldehyde passes into aldehyde and paraldehyde 
(B 26 , R 775) 

Chemical behaviour, refractive power, and specific volume point 
to a single linkage of oxygen and carbon , therefore the three oxygen 
atoms unite the three ethyhdene groups to a ring of six mtmbeis : 

24.650, 26,3316, 26 , R 185) 

They may be considered cyclic ethers of ethyhdene glycol, of which 
the anhydride is acetaldehyde 

Behaviour of Acetaldehyde (Paraldehyde and Metaldehyde) (i) In the air 
acetaldehyde slowly oxidizes to acetic acid It produces a silver mirror from an 
ammoniacal silver nitrate solution Paraldehyde and metaldehyde do not 
reduce silver solutions (2) Alkalis convert acetaldehyde into aldehyde resin, 
(3) It IS changed to ethyl alcohol by nascent hydrogen (4) Aldehyde unites 
with alcohol to form acetal (p 205) (5) Hydrogen sulphide converts it into 

thioaldehyde 20^) mercaptans it iorros mt rcapials 209) (6) Acetic 

anhydiidc changes it to ethyhdene diacetate (p 207) (7) On shaking aldehyde 

with a very concentrated solution of an alkali bisulphite crystalline compounds 
'Separate, CH3 CII(OH)SO,K, which are resolved into their components when 
treated with acids (p 207) 

CH, CHO+HKSO,=CH, 

CH, HCl-CH, CHO+SO,+H, 0 +KCl 

Paraldehyde and metaldehyde do not unite with the bisulphites of the alkalis 
(8) Acetaldehyde reacts with ammonia, hydroxylamine, and phenylhydrazme, 
whilst paraldehyde and metaMehyde fail to do so (9) Phosphorus pcntachloride 
converts acetaldehyde, pai aldehyde and metaldehyde into ethyhdene chlonde 
(p 207) 

For the condensation of aldehyde to aldol, crotonaldehyde, and other compounds, 
p* 196. 
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Aldohydt combines vrith hydrocyanic acid, the product being the nitrile of 
the lactic acid of fermentation, which may be synethesized in this manner. 

The homalogues of formic and acetaldehydes are prepared either (z) by the 
oxidation of the corresponding primary alcohols ; or (2) by the distillation of the 
calcium or barium salts of the corresponding fatty acids, mixed with calcium or 
barium formate ; (3) by transformation of ethylene oxide or glycol ethers ; (4) by 
organo-magnesium synthesis ; and (5) from the next higher a-hydroxy-fatty acid 
(C. 1904, II. 509). 

Name. Formula. M.P. B.P. 


Propyl Aldehyde [Propanal] . . . CHjCHj.^HO — 49* 

n-Butyl Aldehyde [Butanal] . . . (CH3)(CH2)2-CIIO — 75® 

Isobutyl Aldehyde [Methyl Propanal] . (CHJjCH.CHO — 61® 

n-Valeraldehyde [Pentanal] .... (CH3)[CH,]3CHO — 103® 

Isovaleraldehyde [2-Methyl butanal (4)] C4H9CHO — 92® 

Methyl Ethyl Acetaldehyde . C4H9CHO — 91® 

Trimethyl Acetaldehyde (B. J4, R. 898) (CIT,)8C.CI10 — 74® 

n-Capric Aldehyde CIIa[CHj4CHO — 128® 

Methyl n-Propyl Acetaldehyde . . . CjHuCHO — 116® 

Isobutyl Acetaldehyde QgHuCHO — 12 1® 

(Enanthyl Aldehyde, (Enanthol . . . CHafCHgjsCHO — 155® 

[Octanal], CgHi.O . . . . ClIaLCHaJg.CHO — 81® (32 mm.) 

Capric Aldehyde, C,oHaoO . . . CH3[CH2]4CHO — 106® (15 mm.) 

[Undecanal], CnHj.O . . . CIIaLCHala.CHO -4° 1 17® (18 mm.) 

Laurie Aldehyde, . . . CH3[CH3],„CHO 44*5® 142® (22 mm.) 

[Tridecanal], . . . CHaLCHaln-CHO — 152® (24mm.) 

Myristic Aldehyde, C,4H„0 . . . CHs[CHs]iaCHO 52 5® 168® (22 mm.) 

[Pentadecanal], CigHjoO . . . CH3LCH2I1S.CHO — 185® (25 mm.) 

Palmitic Aldehyde, CjeHaaO . . . CHa^'IljligCHO 58 5® 192® (22 mm.) 

Margaric Aldehyde, C^Ha^C) . . . CllafCHjJijCHO 36® 204® (26mm.) 

Stearic Aldehyde, Ci8H340 . . . ^^[CHali.CHO 63 5® 212® (22mm.) 


Propyl aldehyde, by the action of hydrochloric acid, yields both parapropyl 
aldehyde, b p. 169®, and metapvopyl aldehyde, m.p. 180®. They have the 
moleciilai foimula ((>,1140)3 (H 28 , R. 4O9). 

(Enanthyllo Aldehyde, (Enanthol (ohos, wine), is very readily prepared. 
It is formed together with undccylenic acid when castor oil is distilled under 
diminished pressure : 

0,8^3403 - C,oH, 8 .CO.H+CH 8 .[CH,] 3 CHO. 

Kicinoleic Undecyleaic CEuAnthol. 

Acid. Acid. 


I. HALOGEN SUBSTITUTION PRODUCTS OF THE SATURATED ALDEHYDES 

The most important member of this class of substances is Trichlor- 
acetaldehyde. Chloral, CCI3.CHO, b.p. 97^ D(^= 1*541, was discovered 
in 1832 by Liebig while engaged in studying the action of chlorine 
on alcohol (A. 1, 182). 

Ffitsch considers that chlorine acts on alcohol t6 produce at first mono- 
chloralcohol or aldehyde chlorhydrin (i). Alcohol and hydrochloric acid convert 
this, through the aldehyde alcoholate, into acetal. Neither substance can be 
isolated. Obviously acetal is chlorinated too easily to mono- and dichloracetal 
(li. and III. ). These two compounds, under the influence of hydrochloric acid, pass 
into dichlor- and trichlor-ether (iv. and v.). Water changes the latter to dichlor- 
acetaldchydc alcoholate (vi.), which is converted by chlorine into chloral alco- 
holate. Sulphuric acid decomposes the latter into alcohol and chloral (vuz.) 
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(A. 279 , *88 ; C. 1897, I. 635, Soi ; compare also the chlormatioa of isobutyl 
alcohol, B. 27 , R. 507). 

I 

CH..CH,OH 5,. (cH,.CH<Qy«“») 


II 


IV 


(CH, CH ,Cl.CH<®f 


III 


CHCl, CIIC1,CH<°,‘ 


OC.H 


VI VII VIII 

CHCl, CII<Q^"^' CCla -CCl, CHO 

Chloral h\drate, dtchloracetic ester, tnchlor-ethvl alcohol ( 26 , 2756), and ethylene 
monochlorhydrin are bv-Diodiicts m the manufacture of chloial. (Private com- 
munication from Anschutz and Sttepel.) 


Chloral is an oily, pungent-smelling liquid . Wlicn kept for some lime 
it passes into a solid polymer. 


Chloral shows greater tendency than acetaldehyde to sevei its double linkage, 
between ( arbon and oxygen, and to enter into addition-reactions Like acetalde- 
hyde it not only combines with acetic anhydride, the alkali bisiilphilts, ammonia 
and hydiocyanic arid, but also with water, alcohol h^clrowl.uniiie, formamide — ' 
four substances with which acetaldehyde is incapable ol uniting. 

The following reactions of cliloial should also be obsuved: (i) The alkalis 
break it down into chlotoform and alkali formates; (24 fuming sulphuiic acid 
condenses it to chlnralide {q v ), triclilorolactic tnchlorcUiylidcnc ether ester; 
{3) potassium cyanide changes it to dichloiacetic ethyl c'ster {qv.): 


(1) CCl,CHO-|-KOH-=HCCl3 f-U.COjK. 

(SO.+H-SO-) ^^^>CH.CCla. 

( 2 ) aCCla.CHO ^HCClg-f-CClaCHO 

Chloralide. 


OH 

Chloral Hydrate, Trichloreihylidene Glycol, CC1j.CH<qjj, m.p. 57®, 
b.p. 96-98®, results from the union of chloral with water. It is 
technically prepared on a large scale. It consists of large monoclinic 
prisms. The vapours dissociate into chloral and water. Chloral 
hydrate dissolves readily in water, possesses a peculiar odour and a 
sharp, biting taste ; when taken internally it produces sleep, a fact 
which was disco yerca in 1869 by Liebreich (B. 2, 269). It occurs in 
urine as urochlotalic acid (y.v.). Concentrated sulphuric acid resolves 
the hydrate into water and chloral. It reduces ammoniacal silver 
^i^lutions and when oxidized with nitric acid yields trichloracetic 
' -id. 
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In chloral hydrate is found the first example of a body which, contrary to 
the rule, contains two hydroxyl groups attached to the same carbon atom, without 
the occurrence of the immediate spontaneous cleavage of water. 

Other Halogen Substitution Products of Acetaldehyde, — Dichloracetaldehyde, 
b.p. 88-90®, results from the action of concentrated H2SO4, or better, benzoic 
anhydride (B. 40 , 217), on dichlor acetal, CHCl2.CH(OC2H5)2. Dichloracetalde- 
hyde Hydrate, CHCla-CH (OH)], m.p. 57® and b.p. X20®. Monochlor acetaldehyde, 
b.p. 85®, is formed when monochloracetal (p. 205) is distilled with anhydrous 
oxalic acid. It polymerizes very readily (B. 16 , 2245). 

Tribromaldehyde. Bromal, CBrj.CHO, b.p. i72-i73*, is perfectly analogous 
to chloral. Heated with alkalis, bromal breaks up into bromoform, CHBr,, 
and a formate. 

Bromal Hydrate, Tribromethylidene Glycol, CBr3CH(OH)„ m.p. 53 ®. 

Bromal Alcoholate, CBr.,Cll(OH)(O.C2H5), m.p. 44®. 

Dibromacetaldehyde Hydrate, CHBr2CH{OH),, m.p. 59®, is prepared by the 
addition of HBrO to acetylene (C. 1900. II. 29). 

Dibromacetaldehyde, b.p. 142®, is obtained by the bromination of paraldehyde. 

Bromacetaldehyde, b.p. 80-105®, is produced, like monochloracetaldehyde, 
from monobromacetal. 

Mono-iodoacetaldehyde, CtljI.CHO, is made by acting on aldehyde with 
iodine and iodic acid. It is an oily liquid, which decomposes at 80® (B. 22 , R. 561). 

The relations of the three chlor- (or broW) acetaldehydes to the 
oxygen derivatives, of which they may be considered the chlorides, 
are shown in the following arrangement (p. 196) : 

CHjCl.CHO, Chloracctaldehyde. CHj(OH).CHO, Glycolyl Aldehyde. 

CHClj.CHO, Dichloracetaldehyde. CHO.CIIO, Glyoxal. 

CCI3.CHO, Trichloracetaldehyde. COgH-CHO, Glyoxylic Acid. 

Higher Chlorine Substitution Products of the Aldehydes : 

fi-Chloropropionic Aldehyde, CHaCl.CHa-CHO, m.p. 35®, from acrolein, 
CH2=CH.CH0, and hydrochloric acid. 

fi-Chlorohuiyr aldehyde, CHj.CHCl.ClIj.CHO, m.p. 9b®,is produced from croton- 
aldehyde, CII3.CII : CH.CHO. by the a«ldition of IICI. 

aap~Trichlorobutyraldehyde, Butyl Chloral, CH3.CIlCl.CCl2.CHO, b.p. 163-165® 
(comp, acetnmide). 

Butyl Chloral Hydrate, m.p. 78®, is formed from a- 

chlorocrotonaldohvde and CIj- Alkalis decompose it into formic acid, potassium 
chloride, and dichloro propylene CCl : CHCl. When taken into the system it 
appears in the urine as urobutyl chlor alic acid and is converted, by nitric 

acid, into trichlorobutj^ric acid. 

The relations of thes-e three chlorinated aldehydes to the unsaturated aldehydes, 
from wliich they are formed by the addition of HCl or Cl], and to the acids which 
they yield on oxidation, are shown in the following table : — 

HCl HNO, g « 

CH2=CH.CH0 > CH2C1.CH,.CH0 CHaCl.CHj.COjH. 

Acrolein. |i-Chloropropioaaldehyde. /^-Cbloropropiooic Acid. 

HCl 

CH,.CH=CH.CHO > CH,.CHa.CH,CHO > CH,.CHCl.CH,.CO,H. 

Crotonaldehyde. ,-Ctilorobutylaldehyde. ,-Chlorobutytic Acid. 

CH,.CH=Ca.CHO CH,.CHCl.Ca,.CHO — CH,.CHCl.Ca,.CO,H. 

•-Chlorocrotonaldehyde. Butylchloral. Trichlorobutyric Acid. 

Tetrabromobutyric Aldehyde, CH,Br.CHBr.CBr2CHO. m.p. 64®, b.p. n i 4 ^"» 
is prepared from paraldehyde and excess of broTpine, with the intermediary 
prodviction of crotonaldohyde. It does not form a hydrate, and is decomposed 
by alkalis into formic acid, bromopropargyl bromide, HaCBrC;CBr, and other 
bodies (C. 1905* 392 ; 1907, 1 . 1180). • 

PEROXIDES OF THE ALDEHYDES 

Formaldehyde peroxide: Diformal Peroxide Hydrate, HOCHaO.OCHgOH, in.p. 
3 X®, occurs during yie slow combustion of ethyl ether (B. 18, 3343)- Ammonia 
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cl^nges it into Hexaoxymethylene Diamine, Hexamethylene Triperoxydiamine, 
N(CHtO.OCHt),N, which can also be easily prepared by the action of a solntion 
of formaldehyde on ammonium sulphate dissolved in 3 per cent, hydrogen peroxide. 
The dry substance explodes as violently as diazobenzene nitrate on being heated* 
by friction or by a blow (B. 33 , 2486). 

Acetaldehyde Peroxide has not, as yet, been closely investigated. 

Dlchloral Peroxide Hydrate, CC18 CH<q^^^q>CH.CC 15, m.p. 122^, is prepared 

from chloral and HsO, in an ether solution or potassium persulphate in sulphuric 
acid (B. 33 , 2481). 

On the Oxomdes of the aldehydes* comp, also A. 343 , 326. 


2. ETHERS AND ESTERS OF METHYLENE AND ETHYLIDENE GLYCOLS 


In the introduction to the aldehydes (p. tSq) it was explained that these bodies 
could be regarded as anhydrides of glycols, only capable of existing in excep- 
tional cases In the latter the two hydroxyl groups were linked to the same 
terminal carbon atom. Stable ethers and esters ^ these hypothetical glycols are* 
however, known. 

These hypothetical glycols might also be designated orthoaldehydes* because 
they bear the same relation to the aldehydes that the hypothetical orthocarboxylic 
acids sustain to the carboxylic acids : 

/OH 

ch/ 

Orthoformaldehyde. Formaldehyde. Orthofoimic Acid Formic Add. 

Basic and neutral mono- and dialkyl-ethrrs may be obtained from a dihy- 
droxy-alcohol The only mono-ether to be noticed in this connection is chloral 
alcoholate, which is mentioned under chloral hydrate : 

CC 1 ,CH<®|* CC 1 ,CH< 3 h***‘ CC 1 ,CH< 0 ^*||». 

Chloral Hydrate Chloral Alcoholate. Trichloracetal. 

Alcohols not highly substituted by halogens arc as Uttle able to combine with a 
molecule of alcohol as with water. The dialkyl ethers aic named acetals, from 
their best-known representative. They are isomeiic with the ethers of the corre- 
sponding true glycoh, whose OH-gioups are attached to dilfeient carbon atoms : 




CH^OH 

\OH 


/O.CaHfi 

CHs.CiK 

Acetal 


CH, O 


CH.OCgHg 
Glycol Diethyl Ether. 


A. Alcoholates or Carbinolates of this type can only exist as addition products 
of alcohol with halogen substitution products of the aldehydes. In this they 
resemble the ethylidene glycols or aldehyde hydrates which are only stable when 
a sufficient number of hydrogen atoms have been replaced by halogens. 

Chloral Alcoholate, CC13CH<qq * m.p. 65®, b.p. 114®* is the main product 

from the action of chlorine on alcohol (p. 201). It is also formed by treatment of 
chloral o^ chloral hydratg with alcohol. Water changes it slowly into chloral 
hydrate (B. 28 , R 1013). Chloral Dimethyl Ethyl Carhinolate, CCl8CH(OH).- 
0C(CH3)8C3H|, is prepared from chloral and amylene hydrate (p. 121)* or chlorine, 
amylene and hydrochloric acid (C. 1900. II. 1167). 

B. Acetals are produoed (f ) when alcohols are oxidized with Mn 08 and H2SO4. 
The aldehyde formed at first unites with alcohol with the simultaneous separation 
of water : 

3CH,.CH20H >-CH8CH(O.C,H.)2+2HaO. 

(2) When aldehydes arc heated with the alcohols alone to 100® ; and from 
trioxymethylene and alcohols on the addition of ferric chloride (1-4 per cent.) 
(B. 27 » R. 506)* or syrupy phosphoric acid (C. 1899* 1 . 9x0). 



PICHALOGEN AUDEHYPES. ALDEHYDE HALOHYDRINS 205 

(3«) By the action of gaseous HCl on a mixture of alcohol and aldehyde, 
chhrhydvin (see Ethylene Glycol) being the first product : 

CH,CHO+C,H,OH CH,.CH<°^*^*+HCI. 

(36) More suitably, by the action of i per cent, alcoholic hydrochloric acid 
on aldehyde (B. 81 , 545). 

(4) By the action of metallic alcoholates on the corresponding chlorides, 
bromides and iodides. 

(5) By the action of aldtliydcb on orthoformic ester or hydrochloric acid, 
formimido-cthcr and alcohol, z.e. on nascent orthoformic ester. This method is 
also employed for the prepaiation of acetal of the ketones (B. 31 , 1010 ; 40 , 3301). 

On heating the acetals with alcohols, the higher alkyls are replaced by the 
lower (A. 225 , 265; C. lyoi, I. 1146). When the apetals are digested with 
aqueous hydiogcn chluiidc they are resolved into their constituents. They 
dissolve readily ni alcohol and in ether, but with difficulty in water. 

Tlic acelal'i arc considerably more stable towards alkalis than the 
aldehydes, end are mainly (mploycd in those chang^^s where aldehydes 
would be lesiiiified or conejmsed. 

Mcthylal, Methylene Dimethyl Ether, Formal, CH2(OCHa)2, b.p. 42°, D.=o-855, 
is an c'xcellcnt solvent for mdiiy carbon compounds. Methylene Diethyl Ether, 
Diethyl Formal, CH2(OC2H6)3, b p. S9®. For th« higher methylals see B. 20 , 
R* 553 M 27 , R. 507. Dichloromeihylal, Cll2(OCH2Cl)2, b.p. ib6®, is obtained 
from the interaction of paiaformaldchyde and dichloromethyl ether, 0(CH2Cl)a ; 
and also from a formaldehyde solution and HCl (A. 334 , i). With sodium meth- 
oxide and otlioxid3 it yields icspeclively DnnethoxymethylaU b.p. 107®, and 
Diethoxymethylal, b.p. 140°, having the general formula CH2{0CH20R)2 (C. 1904, 
II. 416, 1906, II. 22O). 

Ethylidene Dimethyl Ether, Dimethyl Acetal, CH3CH(OCIl3)2, b.p. 64®. 

Acetal, Ethylidene Diethyl Ether, CH3CH(OC2H5)2, b.p. 104°, 
D2 o-= 0'83I4, is produced in the process of brandy distillation. It is 
quite stable towards the alkalis, whilst dilute acids readily break it 
down into aldehyde and alcohol (B. 16 , 512). 

Chlorine acting on acetal produces — 

Monochlor acetal, CH2Cl.CH(O.CaIl2)2. b.p. 157® (B. 24 , 161), results from 
Dichlof ether, CH2CI.CHCI.OC2HB, and alcohol or sodium cthoxide (B. 21,6x7); 
also from paraldehyde chlorine, and alcohol (for rclei cnees, sec Monobromacetal, 
below). 

Dichlor acetal, CHCl2.CH(O.C2H5)2, b.p. 183-184®. 

Trichloracetal, CClj.CH(OCaH5)„ b.p. 197®, is prepared from alcohol and 
chlorine. 

Monobromacetal, CH2BrCH(OC2H5)a, b.p. 170®, is produced from acetal, 
bromine, and CaCO,; or from paraldehyde, bromine, and alcohol (B. 25 , 2551; 
C. 1905, I. 1218; 1907, I. 1180). Sulphuric acid decomposes the chlorinated 
acetals into alcohol and chlorinated aldehydes (p. 196). 

lodoacetal, I.CH2.CH(OC2Hb)2, b.p.j* 100® (B. 30 , 1442)- Chloral- 

acetal, CH3CHCl.CClaCH(OC2HB),» b.p.20 123® (C. 1907. I- 152). 

The polymeric modifications of aldehyde are closely related to the acetals, 
and result from an acetal-like union of similar molecules (p. 196). If molecules of 
dificrent aldehydes take part in the reaction, ther^ arc obtained compounds 
similar to those formed by the polymeric aldehydes; chloral and formaldehyde, with 

concentrated H2SO4 give Hexachlorodimethyl T«ffo^a«,CCl jCH<CQ’Qy J’Q^CHCQg 
andH»iK:«o»'o*»n(r<Ay/r«o*<»«.Ca,CH< 2 f'Qif* 5 ^CHCl, (B. 88, 143^)- 

C. DIhalogen Aldehydes and Aldehyde Halohydrlns • their Alkyl Ethers and 
Anhydrides. 

In describing the dihalogen substitution products of the paraffins it was 
indicated that compounds in which two halogen atoms occur joined to the same 
terminal carbon atom bear an intimate genetic relation to the aldehydes, and are 
therefore called aldehyde dihalides. 
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Jf these compounds be referred to glycols containing two hydroxyl groups 
attached to the same terminal carbon atom, — i,e. the hypothetical ortho-alde- 
hydes, — then the aldehyde halides are the neutral haloid esters of these glycols. 
Between the ortho-aldehydes and the aldehyde halides stand the monohaloid 
esters, the aldehyde halohydrins, isomeric with the monohaloid esters of the true 
glycols, — the glycol halohydrins, — but only known in the form of their alkyl ethers, 
the a-monohaloids, ordinary ethers and their anyhdrides, the symmetrical a-disub- 
stituted, ordinary ethers : 

(cH.<gH) CH.<gg«* 

(fC) 

CH. CH, 

The genetic relations of the aldehyde halides to the aldehydes consist in the 
formation of aldehyde chlorides from the aldehydes by means of PCI5, and the 
change undergone by the aldehyde chlorides when heated to 100® with water. 

I. Aldshyde Dihalides. — The boiling points, .melting points, and specific 
gravities of some of the simple aldehyde dihalides are given in the appended table. 
The inclosed numbers after the boiling points indicate diminished pressure : 



O^CH,Cl 

XHCLCHa 

XHCl.CH, 


CH.<g} 

CHCl* 

(!h. 


Name. 


Methylene Chloride . 
Methylene Bromide . 
Methylene Iodide 
Ethylidene Chloride . 
Ethylidene Bromide . 
Ethylidene Iodide 
Propylidene Chloride 


Formula. M.P. 


CHjCl, 

CHjBr. 

CH,I, “ +4® 

CII3CHCI2 

CHaCHBra 

CHaCHIa 

CH..CllaCHCla 


B.p. 


0. 


1-37 

( o») 

98® 

2*54 

( o") 

181® 

3*28 

{15’) 

60® 

117 

(20") 

no® 

2-02 

(20") 

127“ (171) 

2*84 

( 0") 

86 * 

I*i6 

(14") 


Methylene Chloride is formed from CHjCl and Cl, by the reduction of 
chloroform by means of zinc in alcohol, and from trioxymethylenc and PCI,. 

Methylene Bromide results on heating CHaBr with bromine to 180®, and by 
the action of trioxymcthylene on aluminium bromide, or phosphorus penta- 
bromide. 

Methylene Iodide is produced when iodoform is reduced with HI, or better, 
with arsenious acid and sodium hydroxide (Klinger). It is characterized by a 
high specific gravity. Chlorine and bromine change it to methylene chloride and 
bromide (comp, ethylene, p. 80). Mercury changes it into ICHaHgl (C. 1901, 1 . 1264). 

Ethylidene Chloride^ Aldehyde Chloride, is produced (i) from aldehyde by 
the action of PCI,, (2) from vinyl bromide by means of hydrogen bromide, and 
(3) by treating copper acetylide with concentrated hydrochloric acid (A. 178 , in) 
(comp. Ethylene, p. 80). 

Ethylidene Bromide is obtained by the action of PClsBr, on aldehyde 
(B. 6, 289). 

Ethylidene Iodide is obtained from acetylene and hydriodic acid (B. 28 , 
R. 1014). 

2. Alkyl Ethers of the Aldehyde Halohydrins, a-Monohalold Ethers result 
from the action of alcohols and haloid acids on the aldehydes. Alcohols 
or alcoholates readily convert them into acetals. Monochloromethyl Ether, 

b.p. 60®; ' Di,=i‘I5o8. Monochloromethyl Propyl Ether, 

ClCHiOCtHy, b.p. 105-110®, and higher homologues are obtained from trioxy- 
methylene hydrochloric keid and methyl, ethyl, propyl, etc., alcohol (A. 334 , 49 ; 
B. 36 , 1383). They are highly reactive bodies; with water they regenerate 
formaldehyde; with formates and acetates they yield ether -esters of the type 
HCOOCHaOR: with magnesium alkyl halides they give simple ethers (p. 126); 
with magnesium in presence of ketones or carboxylic esters or magnesium-organic 
compounds such as ROCH,MgX (p. 186), they form ethers of the ethylene glycols^ 
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R"R'C(OH)CHj|OR.orefw/Atffs 0/ /Ae ^/>^£;crofc.R'C(OH)(CH,OR),; withmcrcury 
or copper cyanides they are converted into nitriles of alkoxyl glycollic acid 
NC.CHaOR (C. 1907, I. 400, 871). They yield hexamethylenetetramine with 
ammonia (p. 210), and form quaternary ammonium salts. ClR,NCHjOCHj. 
with tertiary amines. Monohromomethyl Ether, b.p. 87®; D-usa: 1-531. Mono- 
iodomethyl Ether, b.p. 124® ; Di,=2-0249 (B. 26, R. 933). 

a-Monochlovethyl CH3CHCI.O.CHJCII3, b.p. 98®, isomeric with ethylene 

chlorohydrin ethyl ether, ClCHgCHa.O.CaHj, is produced by the chlorination of 
ether, and by saturating a mixture of aldehyde and alcohol with hydrochloric 
acid, into which substances it is again resolved by water. Monohromethyl Ether, 
b.p. 105® (B. 18, R. 322). 

3. Sym. aa'-Dihalogen Alkyl Ethers, Ethers of the Aldehyde Halohydrlns. 

The symmetrical dihalogen methyl ethers result from the action of the halogen 
acids on trioxymethylene (C. 1900, I. 1122; 1901, 11/26; A. 334, i). sym.- 
Dichloromethyl Ether (CH 201)30, b.p. 105®, 0 = 1*315, is also obtained, together 
with dichloromethylal from trioxymethylene and PCls. sym.-Dibromomethyl 
Ether, b.p. 150°. sym.-Di-iodomethyl Ether, b.p. 218®. 

D. Carboxylic Esters of Methylene and Ethylidene Glycols are formed (i) from 
aldehydes and acid anhydrides ; (2) from aldehydes and acid chlorides ; (3) from 
the corresponding chlorides, bromides, and iodides by the action of silver salts. 
When boiled with water these esters break down into aldehydes and acids : 

I. CH3CH0 + (CH3C0)20 =CH3CH(0C0CH8),. 

3. CH,CHO+CH,COCl 

3. CH,I,+2CH,C0,Ag=CH,(0C0CH,),+2AgI. 

Methylene Diacetate,Cll^{OCOC\{^^, b.p. 170®. For higher homologues see C. 
1902, II. 933 ; 1903, II. 656; Ethylidene Diacetate, CH3CH(O.COCl-l3)a, b.p. 169®; 

Chloral Diacetate, CCla.Cl-^OCOCHjlg. b.p. 221®. Bromal Diacetate, m.p. 76®. 

Monochloromeihyl Acetate and Monobromomethyl Acetate, Br.CHaOCOCHa, 
b.p. 130°, are prepared from trioxymethylene and acetyl chloride or bromide 
(C. 1901, II. 396). Ethylidene Chlorhydrin Acetate, Monochl or ethyl Acetate. 
CH3CHCI.OCOCH3, b.p. 121*5®, parent substance for the preparation of 

ether-esters oxid mixed ethers, Ethylidine Chlorhydrin Propionate, b.p. 134-136®. 
Silver propionate with the first chlorhydrin forms the same Aceto-ethylidine 
Propionate, CH3COO.CM(CH3)OCOC2H6» 178*6®, as silver acetate with the 
second chlorhydrin. These facts argue for the equivalence of the carbon valencies 
(Geuther, A. 225, 267). 

Chloral Acetyl Chloride, CClaCHClCOCOCH,), b.p. 193*- 

Bromal Acetyl Chloride (C. 1900. 81 1). 

Chloral Ethyl Acetate, CCl3.CH(0C2H5)0C20.CH3, b.p. 198® (C. 1901, I. 930). 

E. Aldehyde Bisulphites and Sulphoxylates. 

The aldehydes in aqutous solutions absorb sulphurous acid with the evolution 
of heat (B. 38, 1076 ; C. 1904, II. 54, etc.). On evaporation the gas is driven off ; 
but if bisulphite salts are added in the first place this does not occur, and 
crystallizable salts are obtained of the general formula RCH0HS03Me. The 
bisulphites serve to characterize the various aldehydes. 

Previously these compounds were considered as Ijeing a-hydroxy-alkyl 
sulphonic acids. However, a comparison between hydroxy-methyl sulphonic 
acid (p. 210), obtained from the methyl alcohol, with formaldehyde shows at once 
that great differences exist. The first-named acid and its salts are very stable, 
and show little tendency to undergo transformation, whilst formaldehyde 
bisulphite and its higher homologues — . . ^ 

(1) are easily decomposed by hydrochloric acid or alkalis, regenerating the 
aldehyde ; 

(2) are easily transformed by aqueous solutions of alkali cyanides, forming 
aldehyde cyanhydrins or o-hydroxyacid nitriles (B.*87, 4060 ; 38, 213). 

HO.CH,.SOjK + KNC=HOCH,CN -f K,S03 ; 

(3) are converted by ammonia or amines into alftylidcne amino-sulphites 
(B. 87, 4075; 88,1077): 

H0.CH,.S0,Na+NH3=NH3.CH,.S0.Na-|-H,0; 

(4) yield derivatives of sulphoxylic acids by reduction (p. 208). 

From these observations formaldehyde bisulphite and all similar bisulphite 
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addition products of homologous aldehydes are looked upon as being the bi- 
sulphites of aldehyde ortho-hydrate, which are isomeric with the a-hydroxy*. 
sulphonates (comp. p. 210, B. 38 , 1069) : 


rn 

Sodium Hydrozyinetbyl Sulpfaoiate. 


CHa< 


OH 

O.SOaNa 


Formaldehyde Sodium Bisulphite. 


Neutral sulphites also form aldehyde bisulphites with the liberation of alkali 
hydroxide, the titration of which serves as a method of quantitative estima- 
tion of the aldehyde (C. 1904, 1 . 1176, 1457) : 


RCHO+SO,Na,=:RCHO.HSO,Na+NaOH. 


Reduction of aldehyde bisulphites by zinc dust and acetic acid leads to the 
formation of aldehyde sulphoxylates (B. 38 , 1073 ; C. 1905, 11 . 1752, etc.). 


RCH(0H).0S0,Na+2H=RCH(0H).0S0Na‘+Ha0. 


Formaldehyde Sulphoxylates HOCHj.OSONa+zHjO, withstands the action 
of alkalis better than formaldehyde bisulphite. It forms small rhombic prisms 
(C. 1905, 1 . 795). A finely crystallizing double compound of formaldehyde 
sulphoxylate and forihaldchyde bisulpliite (B. 38 , 2290) may be prepared from 
formaldehyde and sodium hydrosulphitc, Na2Sa044 This body, known under the 
name of Rongalite, is of technical importance in the dyeworks where, in discharge 
^vork, the reducing action of sodium hydrosulphitc is developed at a raised 
temperature and then onl};- acts on the azo-dyestufls, indigo, etc., without 
attacking the fibre. Rongalite can be split up into its constituent compounds 
by fractional crystallization. Sulphoxylates react with amines similarly to the 
aldehyde bisulphites (p. 207). 


3. SULPHUR DERIVATIVES OF THE SATURATED ALDEHYDES 

In this class are (A) the thioaldehydes, their polymeric modifications and their 
sulphones ; (B) the mercaptals or thioacetals, with their sulphones ; and (C) the 
hydroxysulphonic and disulphonic acids of the aldehydes. 

A. Thioaldehydes, Polymeric Thioaldehydes and their Sulphones.-— The simple 
thioaldehydes are not well known, whilst the polymeric thioaldehydes are more 
accessible. All of them can be regarded as the alkyl derivatives of polymeric 
trithioformaldehyde, the trithiomethylene. discovered by A. W. Hofmann. They 
are formed when the aldehydes are acted on with HgS and HCl. The HgS adds 
itself to the C=0-^oup of the aldehydes, and hydroxy-hydrosulphides result, 
from which the tritUoaldehydes arise : 


CH 


rvt ^S.CHjSH 


cH.<iz^g;>s. 


The trithioaldehydes are odourless solids, whereas the simple thioaldehydes 
and their mercaptan-like transposition products possess a persistent, disagreeable 
odour. Potassium permanganate oxidizes the trithioaldehydes first to sulphide- 
sulphones and then to trisulphones. The molecular weight of the trithioaldehydes 
has been determined both by vapour density and by the lowering of the freezing 
^ point of their naphthalene solution. Klinger first proposed the structure for the 
'trithioaldehydes which corresponds with the formula of paraldehyde and was 
proved correct by the oxidation of the trithioaldehydes to trisulphones. 

The isomeric phenomena of the trithioaldehydes were considered by Baumann 
and Fromm to be due to their space-configurations (B. 24 , 1426). 

Proceeding from the same considerations, which served Baeyer in his ex- 
planation of the isomerism Ci thehexamethylene derivatives (see HcxaAydropAfAa/ic 
Acids), these chemists distinguished a-, cis- or maleinoid and jS, trans- or fumaroid 
modifications. Camps represents the spacial difiercnce between the two trithio- 
aldehydes in the following w;y 
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The C-atoms are assumed to be in the angles of the triangles, and the S-atoms 
are in the middle of the sides. The three alkyl groups are either upon the same 
side of the six-membered ring system: a, cis-iorm ; or upon different sides of it: 
p, /rans-modification. Only one disulphone-sulphide corresponds with the cis- 
modiffcation, whilst two stereoibomeric disulphone-sulphidcs take the trans- 
form. On Klinger’s interpretation of these phenomena as " alloergatic isomerism,’* 
characterized by the various energy-contents of the isomers, compare fumaric and 
maleic acids, see B. 32, 2194. 

Trithioiormaldehyde, [CHjS],, m.p. 216®, is prepared by boiling together 
formaldehyde, sodium thiosulphate, and hydrochloric acid. Probably an inter- 
mediate compound formaldehyde thxosulphuric acid, CH2(OH)S.SO,H, is formed, 
which breaks up on boiling into thioaldehyde and sulphuric acid (B. 40, 865). 
On heating trithioformaldehyde with iodomethane and methyl alcohol, there is 
formed trimethyl sulphinium iodide (p. 145 ; C. 1906,*!. 649). a-Trithioacetalde- 
Hyde, m.p. loi®, b.p. 246-247®, and p~Trithioacetaldehyde, [CHjCHSJj. m.p. 
125-126®, b.p. 245-248* ; at low temperatures the a-form predominates, but can 
be changed in considerable proportion into the j5-form by the aid of catalysts 
such as iodine, zinc chloride, acetyl chloride, hydrochloric, acid, etc. (B. 24, 1457 ; 
C. 1905, II. 1720 ; compare also C. 1904. IT. 21). 

Sulphones of the Tnthxoaldehydes. — ^Thetrisulphoncs, resulting from theoxidation 
of the trithioaldehydes, are all to be considered as being alkylated derivatives of 
trimethylene trisulphone. The six methylene hydrogen atoms of trimethylene tri- 
sulphone are acidic like those of the methylenes iii malonic ester (q.v.). They can 
be replaced by metals, and hexa-alkylated trimethylene sulphones can be synthe- 
tically prepared by the double decomposition of the alkali derivatives with alkyl 
iodides. These are identical with the oxidation products of the corresponding 
trithioketones. The primary product in the oxidation of a trithioaldehyde is a 
monosulphone, the secondary a disulphone, and finally a trisulphone is 
produced. 

Trimethylene Trisulphone, CHa<|Q»^^*>SO„ and Trimethylene Dlsul- 

* * 

phone Sulphide, m.p. above 340®, as is also that of 

Trlethylidene Trisulphone, fCHaCHSOg], (B. 25, 248 ). 

The two isomeric trithioacetaldchydcs yield Trlethylidene Disulphone Sul- 
phide, m.p. 228-231®. ** The isomerism of the 

trithioaldehydes vanishes in their oxidation products ” (B. 26, 2074 ; 27, 1667). 

Thialdine,CHa.CH<g m.p. 43®, is produced by the action of 

NH, on a-trithioacctaldehvde (B. 19, 1830), and of H,S on aldehyde-ammonia 
(A. 61, 2). It yields eihvhdene disulphonic acid (p. 210) by oxidation. Methyl 
Thlaldine, (C3H4)3S2(x\CH3), m p. 79** (B. 19, 2378). 

B. Mercaptais or Thioacetals and their Sulphones. 

The thioacetals, corresponding with the acetals (p. 205), are called mercaptais. 
They arc formed (t) from alkyl iodides and alkali mercapiides ; (2) by the action 
of HCl on the aldehydes and mercaptans. First an addition product is formed 
such as CH,(OH)SC5 H,i, which with a second mercaptan molecule loses water 
and yields a morcaptal. It is possible, therefore, to prepare mercaptais con- 
taining two different alkyl groups (B. 36, 296). Ihey are oils with very 
unpleasant odours, and are oxidized by KMn04 to sulphones. 


CIIjC 


S.C3H5 

S.C3H3 


4O 


V rw 


' Methylene Mercaptal, CHa(SC2H5)2, b.p. about 180®. Ethylidene Mercaptal, 
Dithioacetal, CHaCH(SCjIl5)3, b.p. 186®. PropyJgdene Mercaptal, CHaCHjCH- 
(SCaHg)*. b.p. 198®. .... 

In the sulphones of the mercaptais the methylene hydrogen (see above) is 
replaceable by akali metals. Mono- and dialkylated Sulphones can be prepared 
from these akali derivatives. Again, the dialky lized sulphones may be obtained 
from the mercaptols (p. 226) ; sulphonal belongs to this class. 

Metbyleue Diethyl Sulphone, CHj(SOtC3H,)„ m.p. 104®, is readily soluble in 
water and in alcohol. It is formed in the oxidation of orthothioformic ethyl ester 
{q.v.). It condenses with formaldehyde, forming methylene dimethenyl tetraethyl 

VOt. I, • ’* 
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sulpbone (B. 88, xi2o). Methylene Ethyl Phenyl Disuiphone, CHtfSOgCtHs) 
(SOjCerfs), m.p. 1 1 1 ® (B. 30 , 300). Ethylidene Diethyl Sulphone, CHaCH^SOaCiHgJf, 
m.p. 75®, b.p. 320® with decomposition. 

C. Hydroxysulphonic Acids and Disulphonle Acids of the Aldehydes. 

Hydroxymethyl Sulphonic Actd^ C^l3(OH)SOsH, is formed together witl 
Hydroxymethylene Dtsuiphomc Acid, CH(OH)(SOaH)2, and Methine Trisulphoni 
Acid, CH(S03H)g, by the action of fuming sulphuric acid on methyl alcohoi 
and subsequent boiling of the product with water. Boiling acids or alkalis have 
no effect on it (comp. p. 208). 

Methlonle Acid, Methylene Disulphonic Acid, CH 2 (S 03 H) 2 . has long been 
known. It is produced when fuming sulphuric acid acts on acetamide, aceto- 
nitrile, lactic acid, etc. It is most conveniently made by saturating lu ming sul- 
phuric acid with acetylene (from calcium carbide), but acetaldehyde disulphonic 
acid, CH0.CH{S03H)a is the main product of reaction. 

This acid can be completely decomposed by alkalis into formic and methionic 
acids : 

OfSOaH), HgO 

CH: CH ^ 0 CH.CH(S 03 H 2 ) HOaCH+CH.CSO.H), 

Acetylene. * Acetaldehyde Formic Methionic 

Disulphonic Acid. Acid. Acid. 

Methionic acid crystallizes in deliquescent needled, which are not decomposed 
by boiling nitric acid. Barium salt, CH2(S03)2Bp.-i>2H20, forms pearly leaflets 
dissolving with difficulty. 

Methionic Methyl Ester, CIIafSOaCHg),, m.p. 70®, b.p.^g 194-200® : ethyl ester, 
m.p. 29°, results from the action of silver methionate on iodoalkyls, and is easily 
hydrolyzed by water. Methionyl CHa(S02Cl)2, b.p.jg 135®, 0.538=1*82, is 

formed from methionic acid and phosphorus pentachloride. It reacts energeti- 
cally with water or alcohol, regenerating methionic acid. With amines, especially 
those of the aromatic series, it forms amides. 

Methionic Amlide, CHaCSOaNHCgHg)*, m.p. 193®, yields well crystallizable or 
insoluble salts: CH2(S02NMeC3H5)2. Methionic Diethyl anilide, 

Cgtlgla. m.p. 1 13® 

The esters, still better the dialkyl amides of methionic acid, react with 
potassium and sodium, evolving hydrogen and forming salts, KCli(S03K)2 and 
NaCH(S02NR2)a which readily undergo transformation with alkyl halides, 
acyl halides and carboxylic esters. As a result, homologues of methiomc acid can 
be formed in the same way as malonic ester is caused to yield its homologues 
(Communication from G. Schroeter : comp, also B. 38 , 3389): 

CaH.i 

NaCHCSOgNRa)* CjHgCHCSOgNRj), CgUgCHCSOgH), 

Ethyl Methionic Acid. 

CH,CNa(SO,NR,), c^h*>C.(SO,NR,), ^ j 5 ''“»>C(SO,H), 

* * * Ethyl Methyl 

Methionic Acid. 

Ethylidene Disulphonic Acid, Methyl Methionic Acid, CH 3 CH(S 03 H) 2 , is also 
formed from thialdine (p. 209) by oxidation with permanganate (B. 12 , 682; 

21, 1550)- 


4. NITROGEN DERIVATIVES OF THE ALDEHYDES 

A. Nltro-Compounds. — Bromonitromethane, and i,i-Bromonitroethane and 
•propane, as wl-11 as 1,1-DimtroparaJffins (p. 154), diisomf ramifies (p. 154) and 
the salts of the ixri-nitioparafhns (p. 150), which have been previously described, 
must be regarded as nitrogen derivatives of aldehyde. 

B. Ammonia and Monalkylamine Aldehyde Derivatives (p. 195). — 
Whilst ammonia combine^' with acetaldehyde and its homologues, 
forming aldehyde-amiponias or amido-alcohols, e.g,, CHa.CH<Q^*» 
when it comes into contact with formaldehyde it immediately 
produces. 

Hexamethylene Tetramine, Urotroptn which is known under the 

liaxne of formin, is a solvent for uric acid. It is very soluble in water, and 
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crystallizes from alcohol in brilliant rhombohedra. It sublimes without decom- 
position under reduced pressure. It is resolved into CH jO and ammonia when dis- 
tilled with sulphuric acid. It is a monacid base, but shows no reaction with litmus 
(B. 22 , 1929). Efforts have been made to ascertain its molecular weight by the 
analysis of its salts, by an approximate determination of its vapour density, and 
by the lowering of the freezing point of its aqueous solution (B. 19 , 1842 ; 21 , 
1570). Nitrous acid first converts hexamethylene tetramine into dinitroso- 
pentamethylene tetramine, and this then into trinitrosotrimethylene triamine. 
When it is considered that trimethylene trimethyl triamine is formed by the 
interaction of methylamine and formaldehyde, it is obvious that the reaction 
must cease at this point, because the imide-hydrogen atoms have been replaced 
by methyl groups. Ammonia and formaldehyde yield at first trimethylene 
triamine, corresponding with trimethylene trimethyl triamine, which absorbs 
ammonia and formaldehyde, splits off water and gbecomes pentamethylene 
diamine. The latter is converted by formaldehyde into hexamethylene tetramine. 
The following constitutional formul® aim to represent this behaviour (comp. 
Roscoe and Schorlemmer (1884), vol. iii. 646; Duden and Scharff, A. 288 , 218; 
see also C. 1898, I. 36) : 



Trimethylene Triamine. Pentamethylene Tetramine. Hexamethylene Tetramine. 


Hexamethylene tetramine forms addition compounds with bromine, iodine, 
iodoalkyls and iodine, mercuric iodide and iodine, chloral and bromal (C. 1898, 
11.663; 1900,1.409): 

(CH,),NJ,. (CHal.NJa.CH.,!, (CH 2 ),N 4 .CClaCH 0 + 2 H, 0 . 

When heated with hydrochloric or acetic acid urotropin is decomposed 
respectively into formaldehyde and ammonia or into methylamine and CO2 (C. 1906, 
I. 1088). Compare the formation of trimethylamine by heating formaldehyde 
with ammonium salts (p. 158). 

The following bodies arc produced when primary amines act on formalde- 
hyde (B. 28 , K. 233, 381, 924 ; 29 , 2110) : 

Methyl Methylene Amine, [CHa=N.CHJa, b.p. 166° ; D^g., = 0‘92i5. 

Ethyl Methylene Amine, [CHg— N.CgHglg, b.p. 207°; Djg., = 0-8923. 

n-Propyl Methylene [CHa— N.CgH^lg, b.p. 248° ; D^g.^ = 0*880. 

The hydroiodides of methyl and ethyl methylene amines are converted by 
heat into isomeric salts possessing the characteristics of quaternary ammonium 
salts, as is perhaps represented by the following formulae (A. 334 , 210) : 

[{CH,),(NR),]HI and [(CH,),(N,R,H)]RI. 

By the use of aldehydes of higher molecular weight, the tendency to poly- 
merization on the part of the reaction products of primary amines and aldehydes 
diminishes : 

Methyl Isobutylene A mine, (CHs)2CH.CH =N.CH „ b.p. 68®. Secondary amines 
and formaldehyde yield — 

Tetramethyl Methylene Jj.p. 85* (B. 26 , R. 934 ! 

B. 86, 1196). * * 

Aldehyde bisulphites (p. 207) react with ammonia and primary or secondary 
amines to form sulphurous acid esters of the aldehyde ammonias (B. 37 , 4087 ; 88, 
1077). They also result from the action of sodium bisulphite on alkylidine imines. 

Aminomethyl Sulphurous Ester, NH2CH2.OSO2H, foyns crystals soluble with 
difficulty in water. Diethyl Aminomethyl Sodium Sulphite, (C2H5)2NCH2.0S02Na, 
yields tetraethyl methylene diamine when heated with hydrochloric acid or 
potassium hydroxide solution. With acetic anhydride it forms Diethyl Amino^ 
methylene AcetaU, (C2Hg)2NCHa.OCOCHg, b.p.,* 81®. Potassium cyanide in 
aqueous solution changes it to diethyl aminoacetonitrile (CtHg)|N.CH|CN. 
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Aldehyde-ammonia, CH3CH(OH)NHjj, m.p. 70-80®,' is produced 
when dry ammonia gas is conducted into an ethereal solution of 
aldehyde, and consists of brilliant rhombohedra, dissolving readily in 
water. Acids resolve it into its components (p. 195) : 

NH, ^ H,SO« 

CH,.CHO > CH,.CH(OH)NH, ^ CH,CHO+NH«H.SO«. 

When kept for a long time in vacuo over sulphuric acid, the original crystals 
gradually change into gleaming white ones of Ethylidemmine, (CH,CH«NH),, 
ni.p. 85°, b.p. 12 The picrate, recrystallized from alcohol, has the formula 
(C,H,N),.CeH8(Nb2)30H+CaH50H (C. 1899. I. 420). 

In contact with water it passes into amorphous Hy dr acetamide, 

Sodium nitrite, added to a slightly acidihed solution of aldehyde-ammonia, 
produces 

Nitrosoparaldimine, C,HijOj(N.NO), which by reduction becomes Amino- 
parcUdimine, CeHi20j(N.NHj), and this in turn, by the action of dilute sulphuric 
acid, splits oil Hydrazine, NHa-NH^ (B. 28 | 740). Paraldimine should be viewed 
as paraldehyde in which an oxygen atom has been replaced by the imino-group. 
Hydrogen sulphide changes aldehyde-ammonia to Thialdine (p. 209), whilst with 
hydrocyanic acid it becomes the nitrile of a-amidopropionic acid (q.v.). A rather 
remarkable reaction occurs when aldehyde-ammonia acts on acctoacetic ester, 
resulting in the formation of 1,^,5-Trimethyl Dihydropyridine Dicarboxylic 
Ester (Vol. II.). 

Haxaethylidene Tetramine, (CHaCH)eN4, m.p. 102^, with bH^O, m.p. 96", is 
obtained by heating aldehyde-ammonia with aqueous ammonia to 150" (C. 1900, 
I. 901)- 

Chloral-ammonia, CC 1 jCH<qjj*, m.p. 63®. 

For the chlordlimides, (CCI3.CH : NH)8, and Dehydrochloralimides, C,H4C1,N,, 
consult B. 25 , R. 794 ; 24 , R. 62S. The isomerism of the former is very probably 
dependent upon the same causes as that of the polymeric thioaldehydes (p. 208). 


C. Aldbximes, R'.CH=N.OH {V. Meyer, 1863). 


The aldoximes are formed when hydroxylamine, in the form of 
an aqueous solution of hydroxylamine hydrochloride (i mol.), mixed 
with an equivalent quantity of sodium hydroxide mol.), acts in 
the cold on aldehydes. At first there is veiy evidently formed an 
unstable addition product, corresponding with aldehyde-ammonia, 
which in the case of chloral may be obtained. in stable form, but 
which passes readily into the oxime : 



-R,0 




CCl,C^jj - 


NHgOH 


/NHOH 

CCla.C^OH 




>CCl8C<g' 


:NOH 


Aldoximes can also be obtained from primary amines by oxidation with 
permonosulphuric acid, HjSOs (B. 35 , 4293). by reduction of ajS-nitroolefines 
(p. 131) with zinc and acetii acid (C. 1903. II* 553 ) • 

CH,.CH*NH8 CHjCH : NOH 

(CH,)2C : CHNO* >• (CH,),CH.CH : NOH 

The aldoximes are cojpurless liquids which boil without decomposition. The 
first members of the series dissolve readily in water. When boiled with acids they 
are again changed to aldehyde and hydroxylamine. By the action of anhydrides 
or acid chlorides the aldoximes are converted into nitriles : 

CH,CH-NOH+(CH,CO). 0 *CH,C • N+aCHgCOtH. 

Aeetezlme. AcitonitiU*. 
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The oximes and hydrazones (see below), like the aldehydes, take up hydro^ 
cyanic acid ; the products are amidoxyl- or hydrazino-nitriles (B. 29, 62). By the 
direct action of alkyl halides on aldoximes and ketoximes only ^kyl-nitrogen 

.NR' 

<A 

(C. T901, 1. 1147). 

Formoxime, Formaldoxime, CHi^N.OH, b.p. 84*, passes spontaneously 
into polymeric trltormoxime, (B. 29, K. 658). 

Formoxime yields hydrocyanic acid when it is boiled with water (B. 28, R. 233 ; 
C. 1898. II. 18). 

Acetaldoxime, CHj.CHiNOH, mp. 47®, b.p. 115*^, also exists in a second 
modihcation, m.p. 12®, which readily reverts to the first form (B. 26, R. 610 ; 
27, 416 ; 40, 1677 ; C. 1898, II. 17S). Chlorine in hydrochloric acid solution con- 
verts it into chloronitrosoethane, CH,CHClNO (p. 153), which easily becomes 
rearranged into CH,CC1 : NOH. 

Chloral Hydroxylamine, CCl,.CH(OH)NH(OH), m.p. *98® (B. 25, 702). even 
upon standing in the air, becomes converted into 

Chloraloxime, CC1,CH— NOH, mp. 39-40®- 

Propionaldoxime, C2Hi.CH=N.OH, bp. 130-132®. 

Isobuiyraldoxtme, (CH3)jCH.CH=NOH, b.p. 139®. Isovaleraldoxime, (CHs)!- 
CH.CHj.CH =NOH, b.p. 164-165®. CEfianthaldoxime. CHa(CH2)5CH:NOH, m.p. 
55‘5*» b.p. 195®. Myristin Aldoxtme, m.p. 82° (B. 26, 2858). 

The aldoximes of the fatty senes resemble the aromatic syn-aldoximes in their 
behaviour (B. 28, 2019). 

D. Dlazoparafllns are produced, as shown by o. Pechmann in 1894, by the 
action of alkalis on nitrosamines. Diazomethanc alone has been carefully studied. 

Diazomethane, Aximethylene, CHjNj, is best prepared by the action of 
alkalis on nitrosomethyl urethane in ether solution, when the alkali mcthyl-azoate 
is formed as an intermediate product which yields diazomethanc by the action 
of water (B. 36, 897) : 

CH.N<N0 C.H, ^ CH.N^N.OK CH,<? 

Diazomethane is also formed from methyl dichloramine and hydroxylamine 
(p. 167) ; compare also B. 29, 961). At the ordinary temperature it is a yellow, 
odourh ss, and very poisonous gas, which strongly attacks the skm, the eyes, and 
the lungs. • 

Diazomethane exhibits the reactivity of diazoacctic ester {q.v.). Water con- 
verts it into methyl alcohol. Iodine changes it to methylene iodide. Inorganic 
and organic acids are changed into their methyl esters : hydrochloric acid into 
method chloride ; hydrocyanic acid into acetonitrile ; phenols into anisols ; 
toluidinc into methyl toluidine. 

Aldehydes transform it into alkyl methyl ketones (p. 217). Diazomethane 
unites with acetylene to form pyrazole, and with ethylene to form pyrazoline 
(C. 1905, II. 1236). Withmethyrfumarate it forms pyrazoline dicarboxyhe ester 
(B. 28, 624, 2377 J 81, 2950). For its behaviour with quinones, compare 
B. 82, 2292. On the dissociation of diazomethane into and nitrogen, 

see B. 88, 95G. 


£. Aldehyde Hydrazones (E. Fischer ^ A. 190 , 134 ; 236, 137 ). 

The aldehyde hydrazones correspond witB the aldoximes. They 
the transposition products of aldehydes and hydrazines (q-v.)» which 
are formed when their constituents are mixed in ethereal solution : 

CH,CHO-i-H,N.NHC,H5 = CH.CH^N.NHC.H.-fHA 

Acetaldehyde Hydrazone, Eihylidene PhenylhydroMine, CH,.CH=sNNHC«H|, 
b.p.t9 X40® : a*form, m.p. 98-101® ; j3-form, m.p. 75®, forms a white crystaUine 
mass which is sensitive towards acids. When recrystallised from 75 per'. 




compounds of the Isoximes (Vol. II.) are formed, RHC^l and R 
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cent, alkaline alcohol the a-modification is obtained ; if it is recrystallised from 
75 per cent, alcohol containing S02 the labile j3<modiiication is deposited, which 
gradually changes into the a-form. The two modifications are identical in struc- 
ture, and are stcreoisomcrically connected (p. 32) (A. 342 , 15). Structurally 
isomeric with this compound is Phenyl Azoeihyl, C2H5N : N.CHjCHa (Vol. II.), 
which is transformed into acetaldehyde hydrazone by solution in cold concen- 
trated sulphuric acid (B. 29 , 793). Aldehyde precipitates di.compound, CH3.CHO.- 
2(C,H5NHNH2), m.p. 77*5°, from the solution of phenylhydrazine bitartrate 
(B. 29 , R. 590). 

Propylaldehyde Phcnvlhvdrazone, CH3.CHa.CH=N2C2H5, b.p.^go 205®; These 
hydrazones take up hydrocyanic acid and pass into the nitriles ot hydrazido-acids 
(B. 25 , 2020). 

Formaldehyde differs Irom the higher homologues in that with phenylhydra- 
zine it yields — 

Trimethylene Phenylhydrazine, (C2H5N2)a(CH2)3, b.p. 183-184® (B. 29 , 1473; 
R. 777). 

Formalaiine, (CIIj—N— N=CH2)*, is a white amorphous powder insoluble 
in water. Formalhydrasine, (CH, : N.NHa)a is a water-insoluble powder, 
which gives a double compound wdlh silver nitrate (CHa-’ NNIl2)a.2ANOga. 
It results under various conditions from formaldehyde and hydrazine hydrate 
(B. 26 , 2^^^o ; 40 , 1505). 

Ethylidene Azine, CHaCH :'N.N : CHCH3; b.p. 95® (J- pr* [2] 58 325). 


2B. olefine aldehydes, C«Ha«-i CHO 

The unsaturated aldehydes, having a double carbon bond, bear the 
same relation to the olefine alcohols (p. 123) that the saturated alde- 
hydes sustain to their corresponding alcohols. Their aldehyde 
group shows tlie same reactive power as the group in the ordinary 
aldehydes, but the presence of the unsaturated residue, CnH2n-i, 
gives rise to addition-reactions similar to those shown by the olefines. 
ajS-Olefine aldehydes result from the following special methods : 

(1) By the condensation of aldehydes of the formula KCIIg.CHO by zinc 
chloride, hydrochloric acid, etc., during which water is split oil fiom the aldol 
first formed. 

2 CH,CH 0 CII3CHOH.CH2CHO > CH3CH : CHCHO 

Acetaldehyde. Aldol. Crot«n Aldehyde. 

(2) From glycerol (see Acrolein) and from the dialkyl ethers of homologous 
glycerols, by heating with anhydrous oxalic acid, accompanied by the expulsion 
of water or alcohol, similarly to the formation of paraffin aldeliydcs from ethylene 
glycol ethers (p. 192 ; A. chim. phys. [8] 9 , 560) 

— Cgii.OH — C3H3OH 

C,H 30 CH,.CR. 0 H > CjHjOCHjCHR > CH2=CR 

c!h,.oc,h, Jho (!;ho 

AoroleVn, CH2 : CH.CHO, b.p. 52®, D20 = 0*8410, is produced by 
the oxidation of allyl alcohol and by the distillation of glycerol or fats 
(i pt.) with potassium bisulphate (2 pts.) (B. 20, 3388 ; A. Spl. 3 , i8o ; 
C. 1900, I. 962 ; B. 35 , 1137), or with boric acid (B. 32 , 1352 ; C. 
1905, II. 302) ; and also by the decomposition of fats by heat : 


CHjOH 

CHOH 

CHOH 

CHO 

— HoO 

. J-*TT _ 

CHO 

L 

^ Crl 

A Crla ^ 


CH.OH 

CH.OH 

CH.OH 

CH, 


Acrolein is a colourless, mobile liquid, and has an intolerably 
pungent odour. It is soluble in 2-3 parts water, end reduces an 
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arnmnniafAl silver solotion, with formation of a mirror-like deposit ; 
when exposed to the air it becomes oxidized to acrylic acid. It does 
not combine with primary alkali sulphites. Nascent hydrogen converts 
it into allyl alcohol (p. 123). 

Aerolein Aeetal, CH| ; CH.CH(OCiH()|, b.p. 123*, is formed by the action of 
powdered potassium hydroxide on chloropropionaldehyde acetal, which is pre- 
pared from acrolein by means of alcohol and hydrochloric acid (B. 31 , 1797) (see • 
Glyceric aldehyde). 

Phosphorus pentachloride converts acrolein into dichloropropylene, CHj:- 
CH.CHCI2, b.p. 84®. With hydrochloric acid it yields ^-chloropropionaldehyde 
(p. 203). With bromine it yields a dibromide, CHg.Br.CHBr.CHO, which 
becomes converted into glyceric aldehyde when helited with water, and into 
a,p-dibromopropionic acid upon oxidation with nitric acid. Barium hydroxide 
solution converts it into a-acrose or fructose {q.v.) (B. 20 , 3388). 

When kept for some length of time, acrolein passes into an amorphous, white 
mass (disacryl). On warming the HCl compound of agrolein (see above) with 
alkalis or potassium carbonate metacroletn, m.p. 45®, is obtained. The vapour 
density of this agrees with the formula (CaH40),. 

Ammonia changes acrolein into acrolein-ammonia, 2CaH40-f'NHj=C4H,N04* 
HjO. This is a yellowish mass which on drying becomes browm, and forms 
amorphous salts with acids. It yields picdltne, C5H4N.CH3 (q-v.), when 
distilled. Hydrazine changes acrolein to pyrazoline, and phenylhydrazine 
converts it into i-phenylpyrazoline (B. 28 , R. 69). 

Crotonaldehyde, CHs.CH : CH.CHO, b.p. 104°, D = 1*033 (Kekule, 
A. 162, 91), is obtained by the condensation of acetaldehyde (p. 199) 
from the primarily formed aldol by heating it with dilute hydrochloric 
acid, with water and zinc chloride, or with a sodium acetate solution, 
to 100° (B. 14, 514 ; 25, R. 732). When aldol is heated or treated 
with dilute hydrochloric acid it loses water and becomes converted 
into crotonaldehyde (p. 197 ; C. 1907, I. 1400). 

Crotonaldehyde is a liquid with an irritating odour ; it becomes oxidized by the 
air to crotonic acid, and it reduces silver oxide (B. 29 , R. 290). It combines with 
hydrochloric acid to form p-chlorobutyraldehyde (p. 203) ; on standing with 
hydrochloric acid it unites with water and becomes aldol. Iron and acetic acid 
reduce it to crotonyl alcohol, butyraldehyde and butyl alcohol. 

When the alcoholic solution of acetaldehyde-ammonia is heated to 120®, 
Crotonal-ammonia, Oxytetraldine, CgHjaNO, is produced. It is a brown, amor- 
phous mass. When heated it breaks up into water and collidine, GgHtN^CH,),, 
a pyridine derivative (Vol. II.). 

Tiglic Aldehyde, Guaiol, CHsCH=C(CH,).CHO, b.p. 116®, may be obtained 
by the distillation of guaiacol resin, and by the condensation of acetaldehyde and 
propaldehyde. 

Methyl Ethyl Acrolein, CaH5.CH:C(CH8).CHO, b.p. 137®, is produced by 
the condensation of propionaldehyde (p. 201). 

a'^Propyl Acrolein, b.p. 117®, Isohutyl Acrolein, b.p. 133°, and Amyl 
Acrolein, b.p.,, 59®, CHjrCR.CHO, are prepared from the respective glycerol 
ethers (method of formation 2, p. 214). • 

CItronellal and its isomer Rhodinal are olefine aldehydes, and Geranlal 
or Citral belongs to the class of diolehne aldehydes. These will be duly con- 
sidered under the olefine terpenes (Vol. II.). ^ 

2C. Acetylene Aldehydes, CnHjn-s CHO. Propargyllc Aldehyde, CH • C.CHO, 
b.p. 59 ®. is produced when the acetal, CH :C.CH(OC,H4)2. b.p. 140®. formed 
from dibromacrolcXn acetal and alcoholic potassiunf hydroxide, is boiled with 
dilute sulphuric acid. It is a very mobile liquid, which provokes tears. Its 
silver salt is very explosive. Sodium hydroxide at the ordinary temperature 
decomposes propargylic aldehyde instantly into acetylene and sodium formate : 
CH:C.CHO.fNaOH»CH:CH-hNaO.CHO {Claisen, B. 81 , X021). 

Homologous^ acetylene aldehydes or their acetals are obtained from the 
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sodium or magnesium haloid salts oi acetylene (pp. 88, 184) by the addition at 

formic or orthoformic esters (mode of formation No. 9, of the aldehydes, p. 192 ; 

C. X904, II. 187) : 

R(^CNa+HCOOC,H, RC^-CH<3 c®h RC^.CHO. 

R(SCMgI+HC(OC,H,), — > R(Sa:.CH{OC,Hi),* R(^C.CHO. 


Amyl Propiolic Aldehyde, C5HiiCS3.CHO, b.p.gf 89®. Acetal, b.p.^^ no*, 
and Hexyl Propriolic aldehyde, C.HjjCSC.CHO, b.p.js 91®, Acetal, b.p.j, 127®, 
are prepared in this way from oenanthylidene and caprylidene, respectively. 

These acetylene aldehydes do not yield the anticipated oximes and hydra- 
zones with hydroxylamine and hydrazine, but their internal condensation com* 
pounds, such as isoxazole and pyrazole (B. 36, 3665 ; C. 1904, II. 187) : 


iniCH.CHiNi 4 

Isoxazole. 


NH^OH 


CHS:.CHO 

Propiolic 

Aldehyde. 


NH2NH2 


^2 I 

> CH:CH.Cn:N. 
Pyrazole. 



% 

3 A. Ketones of the Saturated Series, Pai:affiii Ketones, CnHgnO 

In the introduction to the aldehydes and ketones (p. 189) attention 
was directed to the great similarity between these two classes of com* 
pounds, which finds expression in their most important methods of 
formation and in their transposition reactions. It was also stated 
that two different kinds of ketones were known : 

1. Simple ketones, containing two similar alkyl groups. 

2. Mixed ketones, having two different alkyl groups. 

Methods of Formation, — (i) Oxidation of secondary alcohols, whereby 
the =CH.OH-group is converted into the =CO-group (p. 190). 


(2) From such derivatives as oximes, hydrazones, semicarbazones, ketonic 
chlorides, comparably to method 6 for the aldehydes (p. 192) : 

(CH,),Ca. [(CH,),C.(OH)J ^ (CH,).CO. 

100 


(3) The transformation of di-primary, primary-secondary and primary- 
tertiary glycols and ethylene oxides into aldehydes by means of hydrochloric 
or sulphuric acids (method 7, p. 192) corresponds with the change of secondary- 
tertiary and di-tertiary glycols into ketones (C. 1906, 11. 670) : 

H,S04 

(C,H,),C(OH).CH(OH)CH. ^ (C*H5)2CH.COCH, 

Diethylmetfayl Ethylene Glycol. Unsym.-Diethylacetone. 

The change of di-tcrtiary glycols, known as pinacones, into ketones or pina- 
colines is accompanied by the migration of an alkyl group. The simplest of 
the di-tertiary glycols is Teiramethyl Olycol, or Pinacom, from which the abstrac- 
tion of water should produce tetramethyl ethylene oxide. Instead, this sub- 
stance becomes rearranged internally to form the simplest pinacoltne tert>buiyl 
methyl ketone : — 


(CH,)2C(OII) 

(CH8),C(0H) 


Tetramethyl Ethylene Glycol 
Pinacone. 


V(CH,),C/ / 


-> (CH,),C.CO.CH,. 


Tert«*Butyl Methyl Ketone : Pinacoline. 
(4) By actioiT^of acids (B. 29, 202) on the sodium salts of the mononitro- 


paraffins (pp. 150, 151), in^vhich the nitro-group is attached to a terminal carbon 
atom : 

2(CH8),C : N00Na-h2HCl«2{CH,)aC0-f-N20+2NaCl+H20. 


(5) By hydrolysis of the ethers of ajS-olefine alcohols (p. 129) ; C. 1904, 1. 7x9) : 


dilute 

C,H„.COCH,+CH,pH. 


C,H„C(OCH,) : CH, 
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Nneleus-synihetic Methods of Formation. — (6) By the distilhtion of 
calcium or barium acetates and their higher homologues. Such a 
salt, when heated alone, ]delds a simple ketone, but a mixture of 
equimolecular quantities of the salts of two acids results in the 
formation of mixed ketones (p. 190). 


In the formation of ketones with high molecular weight it is best to carry 
out the distillation under dinunished pressure. Some normal fatty acids yield 
ketones on treatment with PgOj (B 26 , R 495) 

Recently it has been recommended to distil the acids with calcium carbide 
(B 39 , 1703) 

(7) By the electrolysis of a mixture of the potassiunl salts of a keto-caiboxylic 
and a fatty acid : 


CHaCotOjK 

CHjCOjK 


CHaCO 

^ in. 


CHaCOCHaCH^CO.K 

CHaCOjK 




CHaCOCHjCH 
• CH 


1 

s 


(8) By the action of the zinc alkyls on the acid chlorides 
(Freund, i860). 


Ihe reaction ib similar to that occurring m the formation of the tertiary 
alcohols (p 105) At first the same intermediate product is produced (A. 176 , 
361,188,101). 


,0 


CHaCf +Zn(CHa)a 
^Cl 


CHav yOZnCHa 
Clla^"^! 


which (with a second molecule of ihe acid chloride) afterwards yields the ketone 
and zme chloride * 


’-fCHaCOCl * aCHa CO.CHa+Zna*. 

In many cases, cspeciajly in the preparation of the ordinary ptnacohne from 
trimethyl aidyl chloride and zinc methyl, it is preferable to decompose 
immocliately the addition pioduct of zinc methyl and acid chloride with water, 
when the zinc hydroxide will be converted by the hydrochloric acid mto zme 
chloiide ; 


CHas^ ^OZnCH 


CH,. /OZnCH, 

>c< +2H,0 = CH, CO CH,+Zn(OH),+HCl+CH4. 

i^tia 'Cl 


(9) By the action of alkyl magnesium halides, ketones as well as aldehydes 
(mode of formation 9, p. 192) can be prepared, («) by their action on nitnles, and 
(0) on acid amides (C. 1902, I 299 , 1903, II. iiio) * 


(a) RC=J^+ R'Mgl = \c=NMgI \:=0 

R'/ R'/ 

.^'^Mgl R. 

R»/ ^NHMgl R 


(b) RCONH,+2R'MgI 


>■ 


(10) By the action of diazomethane (p. 213), the aldehydes can be converted 
into alkyl methyl ketones (B. 40 , 481) : 

^ C.H„COH+CiI,N.^CeHuCO.CH,+N,. 
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(xi) By the action of anhydrous ferric chloride on the acid chlorides. 
Hydrochloric acid is set free, and chlorides of j 9 -ketone-carboxylic acids are 
produced. From these water liberates the free ^-ketone-carboxylic acids. The 
latter break down readily into carbo\p dioxide and ketones : 


CH, CHj 

Fe.Clg • H,0 • -CO^ 

2C,H5C0C1 ^CjjHjCO.CH.COCl ^CjHjCO.CH.COjH ^CjHjCO.CjH,. 

(12) Degradation Methods of Formation. — By the oxidation of dialkyl acetic 
acids, and the a-hydroxydialkyl acetic acids corresponding with them ; the latter 
are simultaneously formed as intermediate products in the oxidation of the former 
compounds, e.g. : 

(CHjljCH.COjH (CH3)2C(OH).COaH — ^ (CH5),C0+C0a+H,0. 

(13) By tlic breaking down of jS-ketone-mono- and dicarboxylic acids — e.g. : 


CHjGO.CHj.COjH- 
Acetoacetic Acid. 


.^CO, 




co3H.CH2COCH2.co3H — < 

Acetone Dicarboiyhc Acid. ’^21^02 


->JCH,COCH,. 


Compare acetoacetic ester, and also its homologucs, such as acetone di- 
carboxylic acid. Acyl acetoacetic acid breaks down in a similar way, forming 
ketones, as well as carboxylic acids, with liberation of COj (C. 1903, I. 225) : 


CH.CO.CHCOjH H,o CHaCOOH-fCHa+CO* 

I ^ I 

RCO RCO 


The ketones are produced in the dry distillation of citric acid, 
sugar, cellulose (wood), and of many other carbon compounds, so that 
they are found in coal and coal-tar (B. 36 , 254, 2713). 

Nomenclature and Isomerism. — ^The term ketone is derived from 
the simplest and first discovered ketone — acetone. The names of the 
ketones are obtained by associating the names of the alkyls with the 
word ketone — e.g. dimethyl ketone, methyl ethyl ketone, etc. 

A. Baeyer regards the ketones as keto-substitulion products of the hydro- 
carbons, and the group CO, uniting two alkyl groups, he terms the keto-group. 
As one carbon atom in the name ketopropane would,* in consequence of this 
suggestion, be twice designated, KekuU has suggested that the oxygen linked 
doubly to carbon be called “ 0x0 "-oxygen. Then acetone, CHjCOCH,, would 
be 2-oxopropane, propionic aldehyde, CHj.CHj.ClIO, would be \-oxopropane. 
The “ Geneva names " are obtained by adding the suffix " one *’ to the name of the 
hydrocarbon: acetone is called [Propanone], and methyl ethyl ketone is 
[Butanone]. 


As there is a ketone for every secondary alcohol, the number of 
isomeric ketones of definite carbon content is equal to the number of 
possible secondary alcohols containing the same number of carbon 
atoms. The simple ketones are isomeric with the mixed ketones having 
a like carbon content. The isomerism of the ketones among them- 
selves is dependent uponhhe homology of the alcohol radicals united 
with the CO-group. (Consult the isomerism of the aldehydes (p. 193) 
for the isomerism of tne ketones with other compounds.) 

Properties and Reactions. — The ketones are neutral bodies. The 
lower members of the series are volatile, ethereal-smelling liquids, 
whilst the higii^r members are solids. 

In enumerating the resetions of the ketones, it will best to examine 
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acetone, the most important and most thoroughly investigated member 
of this class of bodies. 

I. Ketones differ chiefly from* aldehydes in their behaviour when 
oxidized. Tliey are not capable of reducing an alkaline silver solution, 
and are not so easily oxidized as the aldehydes. 

When the more powerful oxidants are employed, the ketones almost 
invariably break down at the union with the CO-group— carboxylic 
acids are produced, and in some cases ketones with a lower carbon 
content : 

o 

CH,.CO.CH, > CH,.CO,H and H.CO,H >■ C0,+H,0 

C,H,.C0.C,H5 > CjHj.COjH and CH,.CO,H. 

In the case of mixed ketones, when both alcohol radicals are primary in 
character, the CO-group docs not, as was formerly supposed, remain exclusively 
with the lower alcohol radical, but the reaction proceeds in both possible 
directions, e.g. : 

CH,CH,.CO.CH,CH,CH,— C^^***-^®**^ CO,H.CH,CH,CH, 

When a secondary alcohol radical is present it splits off as ketone, and is then 
further oxidized, whilst with a tertiary alcohol radical the CO-group remains com- 
bined as carboxyl. 

The direction in which the oxidation proceeds is dependent less upon the 
oxidizing agent than upon the oxidation temperature (A. 161, 285 ; 186, 257; 
B. 15, 1194 • 17, R. 315 ; 18, 2206, R. 17S ; 25, R. 121). 

It is remarkable that pinacoline (p. 21O) is successfully oxidized by potassium 
permanganate to the corresponding a-ketone-carboxylic acid of like carbon 
content ; tnmethyl pyroracemte acid : 

3O 

(CHs)3C.CO.CH, > (CH3)3C.C0.C0,H. 

Pmacolmc. Tnmethyl P3rToracemic Add. 

Hydrogen peroxide changes acetone into a peroxide (p. 224) which breaks 
up into acetol, CHjCOCHjOH, and pyroraccmic acid, CH3CO.COOH (C. 1905, 

11. 2T2). 

2. Concentrated nitric acid converts the ketones in part into dinitro-parafiins 
(P- 154) : 

HNO3 

^ CHgCHCNO,), 

(CHsCHaCll2)3CO CH3.CH2CH(N0,)3 

a- Di ketones may be formed at the same time if the ketone be suitably con- 
stituted, e.g., ibopiopyl isobutyl ketone (C. 1900, II. 124). 

3. Ainjl nitiite, in the pnscncc of sodium ethoxide or hydrochloric acid, 
converts the ketones into isomtroso-ketones : 


C,H„NO, 

CH,.C0.CH3 ^ CH,.CO.CH(NOH) 

CH3CO.CH2.CH3 > CH3.C0.C(N0H).CH,. 


As monoximes of a-keto~aldehydes, or a-diketone^, the isonitroso-ketones will 
be considered later in connection with both these classes of compounds. 

4. Ketones, containing the carbonyl group next to a methyl or methylene 
group, are acted on by nitious oxide in presencctof sodium ethoxide, and form 
the sodium salt of di-isonitramine ketones. These are decomposed by water 
into a carboxylic acid and the sodium salt of a d%-isomtramtne cUkylene (p. 154 ; 
A. 300, 95): 


v-xiav HNO yNjOjNa H-O 

ch3C0.ch<; > CH3C00H -i-ch,<^ 

Ch/ aCallaOl^a \N3O3Na ^N.O.: 


^N,0,Na 


5, By the action of carbon disulphide and alkali hydroxide on ketones of the 
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formula RCH^COCHiR, there are produced orange-red coloured acids, probably 
of the following gene^ formula (B. 38, 28''’" 

Many of the addition reactions possible with ketones are due, as in 
the case of the aldehydes, to the ready destruction of the double union 
between carbon and oxygen. These reactions are partly followed, 
even with the ketones, by an immediate separation of water. 

6. Nascent hydrogen (sodium amalgam, or electrolytic hydrogen, 
C. igoo, II. 795), converts the ketones into secondary alcohols (p. 105), 
from wldch they are produced by oxidation. Pinacones, or ditertiary 
glycols, are simultaneously formed (p. 216) : 

(CH,),COH 

(CH,),C0+2H=(CH,),CH.0H ; 2(CH,),CO+H,=j(,jj[j]^Qjj 

• 

7. The ordinary ketones, like the ordinary aldehydes, do not combine with 
water, but when containing numerous halogen atonls, they unite with 4HsO and 
2HaO, forming hydrates. 

8. The ketone derivatives, corresponding with the acetals (p. 205), are produced 
when the )9-dialkoxycarboxyiic acids, RC(OC2H5),CH2COaH, lose CO2, and 
by the interaction of ketones and orthoformic ester ; or in general from imido- 
ether hydrochlorides and alcohols {Claisen, B. 81, 1010 : B. 40, 3021). 

9. The ketones resemble the aldehydes in their behaviour — 

a. with hydrogen sulphide ; 

h. with mercaptans in the presence of hydrochloric acid. 

The products are polymeric thioketones (p. 225), and the mercaptols, e.g,, 
(CH,)2.C(SCjH,) 2, corresponding with the mercaptans (p. 209). 

10. The ketones, unlike the aldehydes, do not combine with the acid anhy- 
drides. 


II. Only those ketones, which contain a methyl group, form 
crystalline compounds with the alkali bisulphites. These, like the 
corresponding aldehyde compounds, can be considered as salts of 
sulphurous acid esters : 

(CH,),CO +NaHSO,=(CH,).C<g^0^jja 


These double salts are very suitable for th& isolation and puri- 
fication of the ketones, which can be liberated from them by dilute 
sulphuric acid or a sodium hydroxide solution. 

12. Behaviour of ketones with ammonia, hydroxylamine and phenyl- 
hydrazine. {a) Acetone behaves differently towards ammonia from the 
aldehydes. .Nucleus-s5mthetic reactions occur, with the formation of 
diacetonamine and triacetonamine (p. 230). Homologous ketones, 
however, react with ammonia according to the equation (C. I 905 > 
11 . 540; 1907, I. 810): 

3R,C0V2NH,=(R,C=N),CR,-|-3H,0. 

Wth hydroxylamine, however, the ketones, like the aldehydes 
(p, 196), 3deld (&) ketoximes (p, 227), (c) with phenylhydrazine they 
form hydrazones (p. 228), and (d) with semicarbazide they give 
semicarbazones (p. 228). 

13. When phosphorus trichloride acts on acetone in the presence of 
AloQg, hydrochloric add is set free, and there results the compound 

pa— o 




■iaa 


(CH,), 


, m.p. 35*. b.p. 235“ (B. 17 , 1273; 18,898). 

< i 
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14. Phosphorus pentachloriie, phosphorus Mchioro-dibromide, and 
phosphorus pentabromide replace the oxygen of the ketones by two 
chlorine or two bromine atoms. 


This reaction can be employed for the preparation of dichloro- or dibromo- 
paraffins in which an intermediate C-atom carries the two halogen atoms. As 
these ketone chlorides readily exchange their chlorine for hydrogen, they constitute 
a means of converting the ketones into the correspondmg paraffins (p. 74). 

15. The hydrogen atoms of the alkyl groups present in the ketones can be 
replaced by chlorine and bromine. 

16. Boiling with acid chlorides, especially benzoyl chloride, converts many 

ketones into esters of the isomeric ap -olefine alcohols (p. 124). RC(O.COCcHb) : 
CHR'. , 

17. Unlike the lower members of the aldehyde series which easily 
undergo polymerization, the ketones never do this. Compared with 
aldehydes the ketones possess a symmetrical structore. 


NtdcleuS’Synthetic Reactiom of the Ketones . — Reactions of this class were ob- 
served in the action of ammonia and of phosphorus trichloride on acetone 
in the presence of aluminium chloride (comp. 12 and 13). The following are, 
however, more important : — • 

(1) Just as two aldehyde molecules condense to aldol, so aldehyde or chloral 
will unite with acetone, forming hydracetyl acetone and tnchlorohydracetyl acetone 
(q.v.) : 

CH,.C<^ +CH,.CO.CH,=CH,.CH<®g^ 

Acetone will also condense with other aldehydes . — e g., benzaldehyde. But 
it is impossible to obtain the ketone-alcohols which form at first. There is a loss 
of water, and unsaturated derivatives are produced, just as in the condensation of 
two molecules of aldehyde to form crotonaldehyde. Thus, two molecules of acetone, 
in the presence of ZnCla.HCl. or H2SO4. unite directly, with the elimination of 
water, to form mesxtyl oxide (p. 229), which in turn condenses with a third 
molecule of acetone to form phorone (p. 229). 

(CH,),CO+CH,.CO.CII, = ^|][»>C=CH.C0.CH,+H,0. 

Mesityl Oxide. 

CH,>c=cH.CO.CH,+CO(CH,), = ^J[*>C-CH.CO.CH=C<::^^»+H,0. 

* * Phorone. 


(2) Acetone and other ketones, having a suitable constitution, change 
into symmetrical trialkyl benzenes, under the influence of concentrated 
sulphuric acid. It is very probable that there is an intermediate 
formation of alkylated acetylenes (p. 89). Acetone yields mesitylene : 


CH, 

CH, 


HjSO, / • 

3CO 

^ fc 

CHs 

CH 

Acetone. 

AUylene 




Mesitylene. 


XH, 


(3) Acetone condenses, in presence of lime or sodium ethylate, to 
isophorone, a trimethyl cyclo-hexenone (q.v.). • 


A sodium hydroxide solution at o® caused two molecules of acetone to condense 
to diacetone alcohol, (CHa)aC(OH).CHaCOCHa. 

(4) The ketones, like the aldehydes, unite with hydiocyanic acid to form 
hydroxycyanides or cyankydrtns, the nitriles of the a-hydroxy-aetds. They wiU 
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be described after the a-hydroxy-acids, into which they pass when treated with 
hydrochloric acid : 

HNC HCl cn w 

(CH,),CO (CH,).C<^” {CH,),.C<gO*® 

* * a-Hydroxyisobutyric Acid. 

(5) Acetone, in the presence of sodium hydroxide, combines with chloroform, 
yielding acetone chloroform, which is a derivative of a-hydroxyisobutyric acid; 
the latter can be obtained from it ; 

(CH,),CO {CH,),C<g^» ^ (CH,),C<gO«“ 

Acetone Chloroform. a-Hydroxyisobutyrlc Add. 

(6) Nascent hydrogen ponverts the ketones not only into secondary alcohols 
(p. X06), but also into pinacones, or di-tertiary glycols (p. 220) : 

Acetone, Dimethyl Ketone [Propanone], CH3.CO.CH3, m.p. —94® 
(B. 33, 638), b.p. 56*5°, D20 = 0*7920, is isomeric with propion- 
aldehyde, propylene oxide, trimethylene oxide, and allyl alcohoL It occurs 
in small quantities in the blood and normal urine, whilst in the urine of 
those suffering from diabetes it is present in considerable amount, due, 
apparently, to the breaking down of the acetoacetic acid formed at 
first. It is also produced in the dry distillation of tartaric acid, citric 
acid (q.v,), sugar, cellulose (wood), and is, therefore, found in crude 
wood spirit (p. 109). Technically it is prepared by the distillation of 
calcium acetate, or from crude wood spirit. 

It is also formed : by the oxidation of isopropyl alcohol, isobutyric acid, and 
fl-hydroxyisobutyric acid ; by ht-ating chloracetol and bromact tol, CHgCBrjCHa, 
with water to 1 60-1 80® ; and j8-chloro- and jS-bromopropylcnc, CH 3 C 13 r=^CH 2 , 
with water at 200®. 

It would naturally be expected that an alcohol, CH3.C(Ori) : CHg, would lie 
formed, but a transposition of atoms occurs and acetone results (sec p. 36). 
Acetone is similarly formed from allylcne, CH,.C • CH, by action of sulphuric acid 
or IlgBr, in the presence of water (p. 89). 

It results, further, in the action of zinc methyl on acetyl chloride ; and, 
accompanied by diacetyl, by the electrolysis of a solution of pyroracemic acid and 
potassium acetate (B. 33 , 650. Acetone is also formed from a-bromoisobutyric 
amide by bromine and alkali (C. iQoSf I- 1219): 

2KOH 

(CHjljCBr.CONHBr (CH,)aCO-fNH,+2KBr+COj. 

(See also the general methods of formation of the ketones, pp. 216, 217.) 

Acetone is a mobile, peculiar-smelling liquid, and is miscible with 
water, alcohol, and ether. Calcium chloride, or potassium carbonate, 
throws it out from its aqueous solution. 

It is an excellent solvent for many carbon compounds, and for many 
inorganic salts such as potassium permanganate, etc, (B. 37 , 4328). Its 
most important reactions were described under the reactions of 
the ketones (p. 218), as \^ell as its behaviour towards nascent hydrogen, 
oxidizing agents, amyl nitrite, hydrogen sulphide, mercaptans and 
hydrochloric acid, alkali bisulphites, ammonia, hydroxylamine, phenyl- 
hydrazine, phosphorus pentachloride, halogens, condensation agents, 
hydrocyanic acid, chlaroform, and potassium hydroxide. (See jS-Allyl 
Alcohol, p. 124, for the action of sodium on acetone.) 

Acetone is used in the preparation of sulphonal (p. 226), chloroform 
(p. 245), and iodoform (p. 246) ; the production of the latter serves for 
its detection (B. 18 » 1002 ; 14 , 1948 ; 17 , R. 503 ; 29 , R. 1006). (For 
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Other such reactions, consult B. 17 , R. 503 ; 18 , R. 195 ; A. 888, 143.) 
Acetone can be quantitatively determined by means of mercuric 
sulphate (B. 82, 986) ; also by heating it with mercuric acetate, whereby 
acetone-mercury substitution compc^unds are produced (B. 36 , 3699). 
Mercuric oxide dissolves in a weakly alkaline aqueous solution of 
acetone, forming the compound aCsHoO.sHgO which by boiling with 
alkalis changes to the insoluble Acetone Mercarbide, CHaC0CHg302H 
(B. 88, 2677). 

Homologues of Acetone. — (a) Simple Ketones are usually prepared by the dis- 
tillation of the calcium or barium salts of the corresponding fatty acids. 


Name. 

Diethyl Ketone, Propione [3-Pentanone] 
Di-n-Propyl Ketone, Butyrone . 
Di-isopropyl Ketone, Tetvamcthyl Ace- 
tone 

Di-isobutyl Kitonc, Isovale^ov^e 

n-Caprone 

Tetraethyl Act tone 

(Enantlione 

Capiylone 

Capiinone 

Lauione 

Myristone 

Palm it one 

Stcarone 


tormuA. 

M. P. 

B. P. 

CO(C,H,), 


103® 

CO(C,H,), 


0 

M 

co[cn(CH,),],* 


124® 

COLCH,CII(UI,)Jj 


Ib5" 

^o(c ,11,1), 

14*6® 

226® 

coLeUd .n.),]. 

— 

203® 


30** 

263® 

(0(C,tT„), 

40® 


CO(( 

48' 


CO(C til*!,,). 

09“ 


<-Of( „U„), 

70° 



83° 


CO(C 

88“ 



Diethyl Ketone is produced Iiom carbon monoxide and potassium ethyl (p. 184). 
Tetramethyl and Tetraethyl Acetone have been obtained as decomposition 
products ol pentamethyl and pentacthyl phloro^liicinol, when these bodies were 
oxidized by jir (B. 25 , R. 504). 

(b) Mixed Ketones. Most of the members of this class are made by the 
distillation of the barium salts ol the corresponding fatty acids with barium 
acetate (p. 217). 


Name. 

Methyl Ethyl Kstone [Butanonc] . . 

Methyl Piopyl Ketone [2,-Pcntanone] . 
Methyl Isopropyl Ketone’ [Methyl Buta- 

none] 

Methyl scc.-Butvl Ketone .... 
Plnacoline, Methyl tcrt.-Bvityl Ketone 
Methyl CEnanthone Methyl Hexyl Ke- 
tone 

Methyl Heptyl Ketone 

Methyl Nonyl Ketone 

Methyl Dccyl Ketone 

Methyl Undecyl Ketone from Laurie 

Acid 

Methyl Dodecyl Ketone 

Methyl Tridecyl Ketone from Myristic 

Acid . 

Methvl Tetradecvl Ketone .... 
Methyl Pentadecyl Ketone from Pal- 
mitic Acid 

Methyl Hexadecyl Ketone from Mar- 

garic Acid 

Methyl Heptadecyl Ketone from Stearic 
Acid 


Formula. 

M. P. 

B. P. 

CH 3 .CO.CjH 5 



81° 

CH 3 .CO.CaH, 

— 

102® 

CH3.C0.CH(CH,)3 



q6® 

CH 3 .CO.CTl 2 Cn(( 11 ,) 

— 

1 16® 

CH3.C0.C(CH3)3 

— 

106® 

CHj.CO.CjH.g 



171“ 

CH3.C0.C,H,5 


193“ 

CH 3 .CO CjH,. 

-1 13" 

225° 

CH 3 .CO.C 10 H 3 , 

21® 

^ 47 * 

CHa.CO.C^Waa 

28® 

263“ 

CH 3 .CO.C, 3 ll 35 

34 ^^ 

(207“) 

CHj.CO.CijII,, 

39” 

(224“) 

CIIj.CO.Cj,!!,, 

43 *^ 

(231') 

CH,.CO.C„H,'! 

0 

00 

( 244 *) 

CH,.CO.C„H„ 

52' 

(25a') 

CH,.CO.C„H„ 

55* 

( 265 ») 
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The boiling points, inclosed in parentheses, were determined under xoo mm. 
pressure. 

Methyl Ethyl Ketone occurs in crude wood spirit. Methyl sec.-Butyl Ketone 
results from the interaction of methyl-acrylic ester, CH2:C(CHj).CO,R, with two 
molecules of magnesium methyl iodide (C. 1907, I. 559). Methyl Hexyl Ketone 
is obtained from oenanthol and diazometlmne (mode of formation 13, p. 218). 

Plnacollne is obtained by the withdrawal of water from the pinacone, 
tetramethyl ethylene glycol, (CH,),C(OH).C(OH)(CH8)2» and from trimethyl 
acetyl chloride and zinc methyl (p. 217). When oxidized with chromic acid, it 
breaks down into trimethyl acetic and formic acid. Potassium permanganate 
converts it into trimethyl pyroracemic acid (q,v,). It is converted by 
iodomethane and alkali Into Pentamethyl Acetone (CHa)3C.COCH(CHs)2, b.p. 
134* (A. 810 , 325). Reduction produces pinacolyl alcohol (p. 122). For further 
changes, see C. 1906, JI. 496. Homologous pinacones yield homologous 

pinacolines ; thus Methyl Ethyl Pinacone, CH»>C(OH).C(OH)<gH| * yields Ethyl 

(CH,)2^ 

tert,- Amyl Ketone, ^C.CO.CjH^, b.p. 150®. 

CaHj 

Methyl Nonyl Ketone is the chief constituent of oil of rue (from Ruta grave- 
olens), from which it may be extracted by shakihg with concentrated sodium 
bisulphite solution (C. 1902, I. 744). Methyl Heptyl Ketone occurs in the 
same oil (C. 1901, I- 1006 ; 1903, I. 29 ; B. 86, 3587)- 

Acetone Peroxide. Two cyclic acetone peroxides are known. Cyclo-diacetone 

Peroxide (CH,),C<g::;g>C(CH,)„ m.p. 132®, is prepared by the action of HaSO^ 


(Caro'sacid) on acetone (B. 88, 858). Cyclo-triacetone Peroxide (CaH.O,),, m.p. 97®, 
is obtained from acetone and hydrogen peroxide, with special case when in the 
presence of hydrochloric acid. It is insoluble in water, but soluble in benzene 
and in ether. It forms beautiful crystals, and explodes when struck or suddenly 
heated (B. 28 , 2265). Methyl ethyl ketone and IlaSOg produce Methyl Ethyl 
Ketone Peroxide (CaHaOala. a colourless oil, which explodes above 100® (C. 1907, 1 . 
944 )- 


I. HALOGEN SUBSTITUTION PRODUCTS OF THE KETONES, PARTICU- 
LARLY ACETONE 

Monoehloraeetone, CHa.CO.CHaCl, b.p. 1I9^ is obtained when chlorine is 
conducted into cold acetone (A. 279 , 313), preferably in the presence of marble 
(B. 26 , 597) ; also by the electrolysis of a mixture of acetone and hydrochloric 
acid (C. 1902, I. loi). Its vapours provoke tears. 

a-Dlchloraeetone, CH,.CO.CHCla, b.p. 120®, is formed on treating warmed 
acetone with chlorine, and is also obtained from dichloraceto-acetic ester 
(B. 15 , 1165). j9-Dlehloraeetone, ClCHj.CO.CHaCl, m.p. 45®. b.p. 172-174®, 
is obtained by the chlorination of acetone and in the oxidation of a-dichlorhydrin, 
CHaCl CH(OH).CHaCl {q.v.), with potassium dichromate and sulphuric acid. 

sym.-T6traohlorae«tone, CHCla.CO.CHCla-f2HaO, m.p. 48-49®, is obtained 
by the action of potassium chlorate and hydrochloric acid on chloranilic acid 
(B. 21 , 318) and triamidophenol (B. 22 , R. 666); or of chlorine on phloro- 
glucinol (B. 22 , 1478). unsym.-Tetrackloracetone, CH,Cl.CO.CCla, b.p. 183®, 
is produced by the actiod of chlorine on isopropyl alcohol (C. 1897. I. 28). 
Pentachlor acetone, CHCla.CO.CCla, b.p. 193", is obtained from chlorine and 
acetone (A. 279 , 317). 

Monobromacetone, CHjBrrCO.CHa, b.p.g 31® (B. 29 , 1555 ; 81 , 2684). Penta^ 
bromacetone, m.p. 74®, is produced from acetone dicarboxylic acid and bromine 
(C. 1899, I. 596)- Perbromacetone, CBrj.CO.CBr,, m.p. iio-iii®, is obtained 
from triamidophenol (B. 10 , X147), and bromanilic acid (B. 20 , 2040 ; 21 , 2441) 
by means of bromine and water. 

lodoacetone, CHt.CO.CHtI, b.p.^t produced when potassium iodide 

in an aqueous methyl alcohol solution acts on monoehloraeetone (B. 29 , 1557). 
It is a heavy oil with an intolerable pungent odour. 
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jS-Dl-lodoaeetone, results when iodine chloride acts on 

acetone. 

B-Chlorisohutyl Methyl Ketone^ (CHslg.CCl.CHj.CO.CHj, and Di-p~chlorisO’‘ 
butyl Ketone, (CHs)2CCl.CH2.CO.CH2CCl(CH3)j, are the readily decomposable 
addition products of mesityl oxide and phorone with hydrochloric acid. ^-Btomo- 
butyl Methyl Ketone, sec Acctobutyl Alcohol. 

y-Dibromoketones are prepared from the oxetones (q.v.) by the addition of 
2HBt, e.g. y~Dibromohutyl Ketone, (CHaCHBr.CHg.CH2)2CO, is formed from 
dimethyl oxetone and 2HBr, or by the addition of 2HBr to diallyl acetone (p. 232) 
a~Dichloroketones are discussed with the diketones. 


2 . ALKYL ETHERS OF THE ORTHO-KETONES 

t 

The ketones may be regarded as the anhydrides of hypothetical glycols, which 
bear the same relation to the ketones that the orthocarboxylic acids do to the 
carboxylic acids. In this sense it is then permissible to speak of ortho-ketones. 
Their alkyl ethers, corresponding with tlic acetals, are produced by heating the 
jJi-diethoxy-carboxylic acids, and also from acetone by .means of orthoformic 
ester {Claisen, B. 31, loio) : 

CH.,.C(0C2H5)2CH2.C02H ^ CHg.QOCgHglg.CHj-l-COg 

CH3.CO.CH3+HC(OCjH5)s ^ CH3.C(0C3H3)aCIl3+HC02C2H,. 

Orthoacetone Methyl Ether, (CH3)2C(OCH3)2, T) p. 83®. Orthoacetone Ethyl 
Ether, b.p. 114®, is a liquid with an odour resembling that of camphor. These 
substances are stable when pure, but water or a trace of mineral acid causes them 
to break down into ketones and alcohols. 

The ortho-e'?tcr hoinologues of oithoformic esters react on ketones like the 
first member, and the same may be said of the imido-other hydrochloride and 
alcohol mixture. Methyl Ethyl Ketone Orthocthyl Ether, b.p. 120® ; Diethyl 
Ketone Orthocthyl Ether, bp. 15 f® . Di propyl Ketone Orthoethyl Ether, b.p. 12 70®. 
are prepared from act timido-ether hydiochloride or phenyl acetimido-ether 
hydrochloride and alcohol (B. 40, 3020). 


3. KETONE HALIDES 

are produced, as mentioned on p, 220, by the action of PCI3, PCljBr,, and PBrg 
upon ketonts. They easily give up the halogen in form of acid, forming halogen 
olefines (p. q 6), ^\hich in turn yield acetylene, by the action of alkalis (p. 96). 

Acetone Chloride, rHg.CCU.CH.,. b.p. 70®; Dj*— 1-827. Brom- 

acetol, b.p. 114®; Methyl Ethyl Dichloromethane, CHa.CClj.CaHg, 

b.p. q6 ®. Methyl Ethyl Dibromomethane, b 144®. Methyl tert. -Butyl Dichloro’ 
methane, Clia CCl2*^(f^fi.?)s. produced from pinaColinc by PCI3 (comp. C. 1906. 
IT. 40b). Heptachloro propane, CHClg.CClg.CClg, m.p. 30°, b.p. 150®, is obtained 
tiom pcntachloracetone (A. 297, 314). 


4. KETONE BISULPHITES AND SULPHOXYLATES 


The addition compounds, which many ketones form with alkali bisulphites, 
comparably with the aldehydes (p. 207), are probably salts of acid sulphurous 
esters with ortho- ketones : 


CHa^^^OSOgNa 


CH 

CgH 


>>e< 

6 


OH 

OSOgNa 


With alkali cyanides they yield hydroxy-acid nitriles (C. 1903, 1. 1244). Reduc- 
tion produces ketone sulphoxylates, (CH3)aC(OH).GSONa, which arc also formed, 
together with bisulphites, from ketones and hydrosulphitcs (C. i907» I- 855)- 




5. SULPHUR DERIVATIVES OF THE SATURATED KETONES 

A. Thloketones and their Sulphones. — When hydrogen sulphide acts on 
a cold mixture of acetone and concentrated hydrochloric acid, the first product 
VOL. I. • Q 
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is a volatile body with an exceedingly disagreeable odour • which spreads with 
greslt rapidity. It is probably thioacetone, which has not been further in- 
vestigated. The final product of the reaction is — 

Trlthloaeetone, (CH,),C<' . m.p. 24®. b.p.i, 130®. Potassium 

S — -^(CH g) s 

permanganate oxidizes it to — 

Tfisulphone Acetone, [(CHglgCSOgJg, m.p. 302®. When distilled at the 
ordinary pressure it is converted into 

Dithioacetone, (CH,)jC<|>C(CH8)j. b.p. 183-185®. This is also formed 

in the action of phosphorus trisulphide on acetone. It is converted, by oxida- 
tion, into — 

Disulphone Acetone, [vCHs)sCSOJg, m.p. 220-225®. 

Methyl ethyl ketone behaves similarly (C. 1903, II. 2S1). 

B. Mercaptols and their Sulphones. — Although the ketone derivatives coi re- 
sponding with the acetals cannot be derived from ketones and alcohols by the 
withdrawal of water, it is possible to obtain the mercaptols — the ketone derivatives 
corresponding with the mercaptols — ^in this manner ; but best, however, by the 
action of hydrochloric acid on ketones and mercaptans : 

HCl 

(CH,)aCO-f-2CgH,SH ^ (CHa),C(SCaH5)a + HaO. 

Like the mercaptals, they are liquids with unpleasant odour. 

Acetone Ethyl Mereaptol, Dtthioeihyl Dimethyl Methane, (CHa)aC(SCaHg)a> 
b.p. 1 90-1 91®, may be prepared from mercaptan. However, to avoid the 
intolerable odour of the latter, sodium ethyl thiosulphate and hydrochloric acid 
are used (p. 147). It combines with methyl iodide (B. 19 , 1787 ; 22 , 2592). By 
this means, from a series of simple and mixed ketones, corresponding mercaptols 
have been made, and in nearly all instances they have been oxidized to the 
corresponding sulphones, some of which possess medicinal value. 

• Sulphonal, Acetone Diethyl Sulphone, (CHg),C(SOgC|H5)2, m.p. 126®, was 
discovered by Baumann, and was introduced into medicine, as a very active 
sleep-producing agent, by Kast in 1888. It is prepared by oxidation of acetone 
mercaptol with potassium permanganate : 

(CH2),.C(SC2H.), > (CH,),.C(S02C,H5),. 

Sodium hydroxide and methyl iodide (A. 258 , 147) acting on ethyhdene 
diethyl sulphone (p. 210) produce it: 

NaOH CHal 

CHaCH(SO,C,H,), ^CH3.CNa(SO,C,H*)j >-(CH.)2C(S02C,H2)^. 

Trlonal, Methyl Ethyl Ketone Diethyl Sulphone, Diethyl Sulphone Methyl Ethyl 
Methane, ^ ^*>C(S02C2H5)2, m.p. 75®; Tetronal, Pentane-yy-diethyl Sulphone^ 

(C2Hg)2C(s6aCsH,)2. m.p. 85®; Pentane-w-dimethyl Sulphone,(C2H2)gC(S02CH2)2> 
m.p.^ 132-133°, and other *' sulphonals,'^ are prepared similarly to sulphonal, and 
act in like manner. However, Acetone Dimethyl Sulphone, (CH2)2C(S02CH2)2, 
not containing an ethyl group, no longer acts like sulphonal. 


c 

6 . NITROGEN DERIVATIVES OF THE KETONES 

A. Hltro-eompounds. — Ps^udonitroles (p. 153) and Mesodinitroparaffins (p. 154) 
have already been discussed after the mononitroparafhns. 

B. Ammonia and k^ones. — ^Two bases result from the action of ammonia 
on acetone : diacetonamine and triaeetonamlne (p. 230). From methyl- 
ethyl ketone, diethyl ketone, and methyl propyl ketone, ammonia produces oils 
of the formula RaC(N:CR2)2, from which the original ketone is easily recovered 
(C. 1905, II. 340 ; 1907, I. 810). 

C. Hydroaylamlne and ketones. 
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Ketozimes (V. Miyer ). — ^In general, the ketoximes are formed 
with greater difficulty than the aldoximes (B. 89 , 1452). It is usually 
best to apply the hydroxylamine in a strongly alkaline solution (B. 22, 
605 ; A. 241, 187). They are also produced when the pseudonitroles 
are reduced by free hydroxylamine or potassium hydrosulphide (B. 
28 , 1367 ; 29 , 87, 98). They are very similar in properties to the 
aldoximes. Acids resolve them into their components, whilst sodium 
amalgam and acetic acid convert them into primary amines (p. 138). 
They are characteristically distinguished from the aldoximes by their 
behaviour towards acid chlorides or acetic anhydride, yielding in part 
acid esters ; and by their conversion by the same reagents, as well as 
by HCl or H2SO4 in glacial acetic acid, into acid amides {Beckmann's 
inversion, B. 20, 506, 2580 ; comp, also B. 24,4018; A. 312 , 172, note). 

CH CH ^ CHjCO.NHCHaCH.CH,. 

Methyl Propyl Ketoxime.^ Acetopropylamide. 

If the two alkyl groups in a ketone differ only slightly from one another, 
two isomeric amides are formed. If one alkyl grou^ contains many more carbon 
atoms than the other, it is usually the group richer in caibon that wanders to 
the nitrogen atom (C. 1904, I. 355). For the investigation of this change, which 
IS comparable to that undergone by carboxylic bromamides, azides, and hydrox- 
amic acids (p. 244), see C. 1903* 489* 

Nitrogen tctioxide converts the ketoximes into pseudonitroles (p. 153). 
Chlorine and sodium hydroxide or bromme and pyridine produce i,x-chloro- and 
bromo-nitrosoparaffins (p. 153). 

Ketoximes combine with hydrocyanic acid to form nitriles of a-amidoxyl 
carboxylic acids (B. 29 , 62). 

Acetoxlme, (CHs),C:NOH, m.p. 59-bo®, b.p. 135®, smells like chloral. 
It dissolves readily m water, alcohol, and ether, from which it crystallizes well 
(B. 20 , 1505 ; 39 , 876). 

The hydroxyl hydrogen present in acetoxime may be replaced by acid radicals 
through the agency of acid chlorides or anydrides (B. 24 , 3537 )* 

Methyl Ethyl Ketoxime, b.p. 152-153®. Methyl n-Propyl Ketoxime, b.p. 168® 
(C. 1898, II. 474). is an oil with an agreeable odour. Methyl Isopropyl Ketoxime, 
hp. 157“. Methyl n-Butyl Ketoxime, b.p. 185®. Methyl tert. -Butyl Ketoxime, 
Ptnacoline Oxime, m.p. 75®, reacting with PCI, produces aceto-tert.-butyl- 
amine. Nitrogen tetroxide does not produce pseudonitroles. but a nitrimine, 
C(CHa)».C(CH3):N.NOa. or the desmotrope C(CHa)8C(:CH,).N:NOOH. (Comp, 
mesityl nitrimine, p. 231, and A. 338 , i.) n-Butyrone Oxime, b.p. 193 • 
Isobutyrone Oxime, m.p. 6-8®, b.p. 181-185®. Methyl Nonyl Ketoxime, m.p. 42®, 
behaves contrary to the rule (see above) and undergoes internal change under 
the influence of concentrated sulphuric acid, forming considerable quantities 
of capric methylamide, C,Hi*CONHCH„ together with acetononylamine (B. 35 , 
3592). Capryl Ketoxime, m.p. 20®. Nonyl Ketoxime, m.p. 12®. Lauryl Ketoxime, 
(CnH„),C:N.OH, m.p. 39® Myristyl Ketoxime, H,,C:N.OH. m.p. 51®. Pal- 
mityl Ketoxime, (CnH,*)j|C:N.OH, m.p. 59®. Stearyl Ketoxime, (Ci,H,,)aC:N.OH, 
m.p. 62®. 

When a solution of a ketoxime is acted on by io(]p-alkyls in the presence of 
sodium methoxide, a mixture is formed, which on distillation yields alkylated 
oximes, such as (CH.).C:NOCH.. These pass over, and alkylated isoketoximes 

(CH,),C— NCH,.NaI 

remain behind combined with Nal as . The alkyl iso- 

ketoxime cannot be obtained from this compound. ® 

Acetoxime Ethyl Ether, (CH,),C=NOCH,. b.p. 72®. Methyl Isoacetoxime 
(CH,),C— N.CHj.Nal 

Sodium Iodide, , m.p. 206®, with decomposition, and others 

of this group, see C. 190Z, II. 184. 
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D. Kotazlnes {Curiius and Thun ). — An excess of hydrazine acting on the 
ketones produces the unstable, secondary symmetric hydrazines, readily changing 
even in the cold into ketazines, which are quite stable towards alkalis (B. 26, 
R. 8o). Dimethyl ketazine in contact with malnc acid changes into the 
isomeric trimethyl pyrazoline (B. ^ 7 , 770; C. 190T, II. 1121)1 

(CHa)aC=N ^ N=:CCH, 

(CH,),C=N ^HN CH, 

C(CH,),. 

The homologues of methyl-alkyl ketazine behave similarly, whilst diethyl 
ketazine does not undergo the change (C. 1898, II. 1240). 

Bis-dimethyl Azimethylene, Dimethyl Ketazine, L(CHj)aC:N]j, b.p. 131®; 
Bis-methyl Kthvl Azimeththylene, b.p. 170®; Bis-methyl Propyl Azimethyleue, b.p. 
197®; Bis-methyl Hexyl Azimethylene, b.p. 290®; Bis-dieihyl Azimcthylene, 
b.p. 19^®. 

E. Ketone Phenylhydrazones (E. Fischer, B. 16 , 66t ; 17 , 576 ; 20 , 513 : 
21 , 984). — These compounds result by the action of ph« nylhydrazine on the 
ketones. The phenylhydrazinc is added to the ketone until a sample of the 
mixture no longer reduces an alkaline copper* solution. They behave like 
the aldehyde phenylhydrazones (p. 213). 

Acetone Phenylhydrazonfl, (CHjilaCNaHC^Hs, m.p. 16®, b.p.,, 165®. 

Methyl n-Propyl Ketone Phenylhydrazone, b.p.,,, 206®. 

p-Nitrophcnylhydrazones arc speicially suitable for identiXying ketones on 
account of the relative insolubility of the compound formed. Acetone 'p-Nitro- 
phenylhydrazone, (CHj)j|C:NNHC,H4NO,, m.p. 148® (C. 1904, I. 14). 

Ketone Semicarbazones result when ketones are mixed with 
semicarbazide, NH2CO.NH.NH2 (q-v) at ordinary temperatures. 
Such compounds are particularly suitable for the identification of the 
ketones, on account of the excellent way they crystallize. Acetone 
Semicarbazone, (CH3)2C:NNHCONH2, m.p. 187°. Ethyl Methyl 
Ketone Semicarbazone, m.p. 135°. Diethyl Ketone Semicarbazone, 
m.p. 139°, and other members, see B. 34 , 2123. 

3B. Olefine and Diolefine Ketones. 

Olefine ketones, in which the double bond is situated next to the keto-group, 
are very easily prepared, and arc interesting in their behaviour. 

(1) {a) a/S-olefine ketones are obtained from the product of condensation of 
ketones with aldehydes or ketones ; the 1,3-keto-alcohoIs which arc formed 
easily give up water : 

CH,CHO-f-CH,COCH, CH,CH(OH)CHaCOCH8 > CH,CH:CHCOCH,. 

Condensation of several molecules of the same ketone results in the formation 
of aj8-olefine ketones and a,j 3 ,-dio]cfinc ketones : acetone yields Mesityl Oxide 
and Phorone : 

(CH,),CO 

zCHsCOCH, > (CH5)aC:CHCOCH3 (CH 5 )aC:CHCOCH 3 C(CH 3 ) 2 . 

(d) The haloid esters of the r,3-keto-alcohols, such as jS-chloro- and jS-bromo- 
ketones, easily give up halogen acids, forming aj8-olefinc ketones ; e.g. ^-chloro- 
ketones (prepared from /9-chloropropionyl chloride and zinc alkyls : mode of 
formation, p. 217), and diethyl aniline yield vinyl alkyl ketones (C. 1906, 1 . 650) ; 

. Zn(C,n,',a 

C 1 CH,CH,C 0 C 1 — ClCH,CH,COC,H5 CH.iCHCOCaH.. 

(e) Ally] alkyl ketones, which can be prepared from the acid nitriles, allyl 
iodide and zinc (comp, mode of formation 9, p. 217) very easily change into 
propenyl a’kyl ketones, under the influence of mineral acids (C. 1905, I. 431): 

CaHaZni 

CH.CiN ^ CH,COCHjCH:CH 3 ^ CHjCOCH-.CHCHg. 

(2) Oleiines with any desired position of the double bond can be obtained 
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by decomposing olefine-substituted fi-ketone acid esters or jS-diketones (comp, 
mode of fomation 13, p. 21S) ; e.g, allyl acetic ester gives allyl acetone ; dimethyl 
allyl acetyl acetone yields dimethyl heptenone. 

The ajS-olcfine ketones are remarkable for the great additive capacity of their 
C=C group, which approximates to that of the C =0 group. Hydroxy lamine 
produces not only oximes but also p-Hydroxylamino-oximes, RCH(NHOH).- 
CH,C(:NOH)R. Ammonia, primary and secondary amines are particularly 
easily taken up. forming p-amino ketones. Hydrazines react with the CO and 
C =C groups, producing cyclic pyrazolines. Mercaptans form not only mercaptols, 
but also mercapto-mercaptols, even when the C=C group is not contiguous to 
the CO group ; e.g. 

CH,CH(SC,H5)CH2C(SC,H,),CH„ CH,CH(SC,Hs)CH,CHaC(SC,H,),CH,. 
etc. In phorone, only the two C=*C groups react : 

{CH,)2C(SC2H5).CHa.CO.CHaC(SC2H8){CH,)2 (B. 87 , 502). 

Sulphurous and hydrocyanic acids sometimes unite with the C = C group 
rather than with the CO. Malonic ester, acctoacctic ester, and other such 
reactive bodies similarly unite with the C— C bond of ojS-olefine ketones, forming 
RCOCHaCR.Cll(COaC.H,)j. etp. 

Addition compounds with the halogen acids are very readily formed. 

It is a general rule that, when HX becomes attached to these unsaturated 
substances, the hydrogen atom always takes the a- position to the CO group, and the 
X group the p-position. 

Bromine forms ajS-dibromoparaffins. which readily give up HBr, leaving 
a-bromo-olejine ketones, which yield a-diketones on hydrolysis (B. 84 , 2092). 

Vinyl Ethyl, Vinyl Propyl, Vinyl Isopropyl Ketone, CHaiCHCOR, b.p.47 31®, 
b.p.jo 24®. and b.p.1032®, are produced from j 3 -chloropropyl ethyl ketone, j 5 -chloro- 
propyl propyl ketone, and j 3 -chloropropyl isobutyl ketone. They all easily 
undergo polymerization. 

AUyl Methyl Ketone, b.p. 108°, Allyl Ethyl Ketone, b.p. 127®, and Allyl Propyl 
Ketone, b.p. 147®, CHjiCH.CHjCOR, are readily changed by mineral acids into 
Propenyl Methyl Ketone, b.p. 12 1®, Propenyl Ethyl Ketone, b.p. 137®, and 
Propyl Ketone, b.p. 157®. 

Ethylidene Acetone, CHaCH~CH.CO.CH3, b.p. 122®. It has a penetrating 
odour like that of crotonaldehyde. It is formed when hydraceiyl acetone (q*v.) 
is boiled with acetic anhydride or anhydrous oxalic acid (B. 25 , 3166; 34 , 2092). 
Isohutylidene Acetone, (CHa),CH.CH:CH.COCH8, b.p.^, 51® (C. 1900. 1 . 403). Iso- 
amylidene Acetone (CHaljCH.CHgCHrCHCOCH,. b.p. 180° (B. 27 , R. 121 ; C. 1897, 
I. 365). Heptachlorethylidene Acetone, CHCl3CCl=CCl.CO.CCl3, b.p. 14 184®, results 
when trichloracetyl tetrachlorocrotonic acid is heated with water (B. 25 , 2695). 

Mesityl Oxide, (CH3)jC=CH.CO.CH8, b.p. 130°, is a liquid smelling like 
peppermint. Phorone, (CH3)2C=-CH.CO.CH=C'(CH8)a, m.p. 28®, b.p. 196®. 
These are formed simultaneously on treating acetone with dehydrating agents, 
e.g. ZnCla, H2SO4, and HCl. Hydrochloric acid is best adapted for this 
purpose, the acetone being saturated with it, while it is cooled. The addi- 
tion products which are first formed, (CH3)8CCl.CHa.COCH8 and (CHsjaCCl.- 
CHj.CO.CHj.CC^CHa),, are decomposed by alkali hydroxides, and the mesityl 
oxide and phorone then separated by distillation. When acetone is condensed 
by lime or sodium ethylate there is produced along with the mesityl oxide a cyclic 
ketone isomeric with phorone, called isophorona (Vol. II.). Camphorphorone 
is also isomeric with these two phorones. Mesityl oxide is also produced when 
di^tone alcohol (^.i;.)and diacetonamine (p. 230) are hhated alone; also, together 
with acetone, when phorone is heated with dilute sulphuric acid, which eventu- 
ally causes it to break down into two molecules of acetone, as the result of water 
absorption (A. 180 , i) ; also by the action of isobptylene on acetic anhydride 
in the presence of a little ZnClj (B. 27 , R. 942). Mesityl oxide combines with 
ammonia to form diacetonamine (p. 230) and with J^ydrazine to trimethyl 
pyrazoline (Vol. II.). Mesityl oxide takes up two and phorone four bromine 
atoms. Just as acetone condenses to mesityl oxide and phorone, so the homo- 
logous ketones, and methyl ethyl ketone, methyl propyl ketone, methyl heptyl 
ketone, and methyl nonyl ketone are condensed by hydrochloric acid (B. 36 , 
2555) or zinc chloride, and acetyl chloride (C. Z903, 11 . 566) to homologues of 
mesityl oxide and phorone. 



030 


ORGANIC CHEMISTRY 


Historical, — Kane discovered mesityl oxide in 1838, when he obtained it, 
together with mesitylene, by the action of concentrated sulphuric acid on acetone. 
At that time he regarded acetone as alcohol, and called it mesifalcohol. In mesityl 
oxide and mesitylene, Kane thought he had discovered bodies which bore the 
same relation to mesityl alcohol or acetone that ethyl ether or ethyl oxide and 
ethylene bear to etliyl alcohol. KekuU developed the formula (CH,)j|.C =CH.CO.- 
CH a for mesityl oxide, which was substantiated later by Claisen, Baeyer discovered 
phorone, and Claisen assigned to it the formula (CHs)BC=CH.CO.CH=C(CHs)j| 
(A. 180 , 1). 


^ THE ACTION OF AMMONIA ON MESITVX OXIDE AND PHORONE 

Ammonia unites with these bodies at their double bonds and forms three 
bases, Diacetonarmne, Triacetonamine, and Triacetone Diamine — the same 
that are formed from ammonia and acetone (Heinte, A. 174 133 ; 198 , 42 ; 208 , 
336). There are two possible courses that the reaction may follow : firstly, 
that the acetone is condensed to mesityl oxide and phorone by the ammonia 
which then become converted into the amines, or secondly, the ammonia forms 

OH ' 

a simple addition compound, which then condenses. 


CH,. 

CH, 


> = 


• NH. CH 3 V XHXOCH, 

X^cncocH, 

/ r.H./ \NH, 

Diacetonamine. 

3^ XH2.CO.CH2 XH* 
XH3 


Mesityl oxide. 


CH.CO.CH 
Phorone. 


=c/ * 

XH, 


CHa 

CHa 


\ 


Triacetonamine. 


CH 



(A. 203 , 336.) 


DIseetonamine forms a colourless liquid, slightly soluble in water, which is 
decomposed into mesityl oxide and ammonia by distillation (B. 7 , 1387). It 
shows a strongly alkaline reaction and forms crystalline salts with one equivalent 
of acid. The hydrochloride, acted on by potassium nitiite, yields Diacetone 
Alcohol, (CHs)2C(OH)CH2COCH3 {q.v \ which can be considered to be a derivative 
of diacetonamine. It loses water and changes to mesityl oxide. Urea derivative 
of diacetonamine, see B. 27 , 377. Diacetonamine Oxime, m.p. 55®, b.p.j, I2i* 
(B. 34 , 300, 792). 

Oxidation by chromic acid mixture produces amino-isobutyric acid, 
* (CH,)2C(NH2)C00H (propalanine), and amino-isovalcric acid, (CH3),C(NH,).- 
CH.COOH, 

Triacetonamine, m.p. 39*6®- NHjO, m.p. 58®, is prepared from phorone and 
ammonia, and is an imide base (p. 165). It cxystallizes anhydrous in needles, 
and with one molecule of water in large quadratic tables. It is weakly alkaline. 
Its hydrochloride with potassium nitrite yields a niirosamine compound, 
C.H,2C )N.NO, m.p. 73®, ij'hich regenerates phorone when boiled with sodium 
hydroxide. The nitroso-body is transformed by hydrochloric acid back into 
triacetonamine. This substance, with bromine, forms 'H-Bromoiriacetonamine, 
CgHifONBr, m.p. 44® (B. 81 . 668). For further reactions, see Vol. II. 

Phorone and primary amines produce n-Methyl Triacetonamine, etc. (B. 28 , 
R. 166). Just as the reaction of diacetonamine with acetone yields triacetonamine, 
so acebUddiyde product Ffny/ Diacetonamine (B. 17 , 1788). 


(CH,)2C.CH2C0CH, CH,CH0 (CH,)2C.CH2C0.CH2 
NH, ^ NH i] 


HCH, 


With cyanacetic ester an analogous B~laetam is formed (B. 26 , R. 450). 
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ACTION OF HYDROXYLAMINE ON MESITYL OXIDE AND PHORONE 


According to the conditions ot experiment, hydroxylamine becomes added 
• on to the mesityl oxide molecule and gives Diacetone Hydroxylamine, or else oxime 
formation takes place. In the case of phorone, however, only addition compounds 
are formed — Tnacetone Hydroxylamine and Triacetone Dihydroxylamine, corre- 
sponding with the two compounds obtained with ammonia. 

Mesityl Oxide Oxime, (CHs)iC=CH.C(NOH)CH3, o-form, b.p.^ 83®, ) 3 -form, 
m.p. 49®, b.p.f 92®, is prepared from mesityl oxide and free hydroxylamine. It is 
obtained in two modifications. The oily a-oxime is transformed into the solid 
p-iorm by the action of heat on the hydrochloride, or by repeated distillation 
under reduced pressure. This body, acted on by hydroxylamine hydrochloride 
and boiled with alkali, regenerates the a-modification. • 

CH 

Mesityl Nitrimine,{Cil^)iC=Cll.C<C.j^ j|q , m.p. 155®, with rapid decomposi- 
tion, is produced when both modifications of mesityl oxide oxime are treated 
with amyl nitrite in glacial acetic acid (B. 32 , 1336). Reduction changes it to 
Trimethyl Pyr azoline (Vol. II.). Heated with water it forms an isomeric keto- 
trimethyl dihvdro-isoxazole oxime (Vol. II.); oxidation with nitric acid changes 
it to Nitrilomesityl Dioxime Peroxide, This is converted by aniline in glacial 
acetic acid solution into Anilonitro-acetone, which, in turn, is changed by sul- 
phuric acid into nitro-acetone, (A. 319 , 230), a derivative of hydroxy-acetone : 

(CH,).C.CH3C CH CHaC CH,NO* CH.CO.CHaNO,. 

I II B — ^ II ^ 

ONO N.O.O.N N.CaHa 


ptj CH —CO CH 

Mesityl Oxide Semicarbaxone, -NH.CONhI* *338)- 

CH CH COCH 

Diacetone Hydroxylamine, 95®, is formed, 

together with a-mesityl oxide oxime, by the action of free hydroxylamine on 
mesityl oxide. Oxidation with chromic acid fields : 


CH, 


dimolecular form, 


P’Nitroso-isopropyl Acetone, cH 

m.p. 75® ; monomolecular form, b p.^ 60®, which is also formed from diacetonamine 
(p. 230) by oxidation with pcrsulphunc acid. In the dimolecular condition it 
forms white tabular crystals, which melt to a blue monomolecular liquid. It is 
easily decomposed (comp, nitrosoparaffins, p. 153, and B. 36 , 1069). 

p-Nitro-isopropyl Acetone, (CH,),C(NO,)Cn2COCH,, b.p.^, 119®* is produced 
when diacctonc hydroxylamine is oxidized with nitric acid. It can be reduced 
back to its parent compound by aluminium amalgam (B. 36 , 158). 

Triacetone Hydroxylamine, ^ 

prepared from phorone and hydroxylamine hydrochloride, and yields with hy- 
droxylaminc, an oxime, m.p. 126®. 

Triacetone Dihydroxylamine, qh*^^^NHOH^^H^ 1 N^^^ChJ’ ™‘P' 
b.p. 10 *35* (®* 657)* results from interaction of phorone and two molecular 

proportions of free hydroxylamine. Reduced by Zn and HCl, it changes to 
triacetone diamine. Boiled with alkalis it gives : 

XH,— CO— CH,^ 


PH 

Triacetone Dihydroxylamine Anhydride, 


NH- 




vCH C --CH 

or * II *^C<pu** ®-P* ****• Reduction by Zn and HCl 

CH, nnH— 00— Hn/ • 

gives triacetone diamine (see above). 

Dinitrosodtisopropyl Acetone. “ P’ 

is produced from triacetone dihydroxylamine by chromic acid (B. 31 , 1379 )- 
On melting it forms a deep blue liquid. 

The scheme on which this work is based requires that diacetonamine and 
diacetone hydroxylamine should be discussed as derivatives of diacetone alcohol 
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with the ketoles ; and triacetonamine, triacetonc xiiamine, triacetone hydroxyl- 
amine, and triacetone diliydroxylamine, etc., as derivatives oi the still unknown 
triacetone dialcohol among the ketodioles. They have, however, been examined 
before the olefine ketones, on account of their genetic connection with mesityl 
oxide and phorone. 

Ally I -4c5/o«^,CH2:CH.CH2.CH2COCHa, is obtained from allyl acetoacetic 
ester. It is isomeric with mesityl oxide (C. 1898, II. 663 ; il. 33 , 1472). 

Methyl Heptenone, (CH3)aC=CH.CHa.CHgCOCH„ b.p. 173°, is found in a 
number of ethereal oils which contain citral, linalool, and geraniol. It results 
from the distillation of cincolic anhydride (Vol. II.). Synthetically it can be 
produced by the action of sodium hydroxide solution on the reaction product 
of sodium acetyl acetone on amylene dibroraido, (CH3)2CBr.CH2CHaBr (B. 29 , 
R. 590). It is also prepared from dimethyl allyl acetoacetic ester, the result 
of the reaction between acetoacetic ester and amylene dibromide, and sodium 
ethoxide solution (B. 34 , 594). It possesses a penetrating odour like amyl 
acetate. Oxidation with KMn04 breaks it down to acetone and laevulinic acid ; 
zinc chloride produces dihydro-m-xylol (A. 258 , 323 ; B. 28 , 2115, 2126). 

Sorbic Ethyl Ketone, CHa.CHiCH.CHrCH.CO.CjH,, b.p.ja 93®* is prepared 
from sorbyl chloride and zinc ethyl (B. 34 , 2222). 

Condensation of the respective ajS-olefine aldehydes (p. 21 4) with acetone 
leads to the formation of the following diolefine ketones (B. 28 . R. 608 ; C. 1906, 
II. 1112): 

(1) y-Methyl Sorbic Methyl Ketone. CHaCH:C(CHj)CH;CHCOCHj, b.p.,, 92®* 

(2) y€-Dimethyl Sorbic Methyl Ketone, (CH3)CH*CH:C(CHa)CH:CHCO.CHs, 
b.p. 8 97®- 

(3) Y€‘Diisopropyl Sorbic Methyl Ketone, (C3H,)CH2CH:C(C8H,)CH:CHCOCH3. 

filing with zinc chloride gives rise to benzene derivatives with varying 

facility : (i) no condensation ; (2) a bad yield ; (3) a better one (see Vol. II.). 

Diallyl Acetone, CH.^CH.CHa.CHjCOCHj.CHa.CH^CHa, b.p.,* 116®, is 
prepared from diallyl acetone carboxylic ester (comp. Oxetone). 

Pseudo-ionone is also a diolcfine ketone, and is described in Vol. II., together 
with the olefine terpenes. 


3C. Acetylene Ketones. 

These are obtained by the action of acid chlorides on sodium compounds 
of alkyl acetylene. 

Acetyl (Enanthylidcne, CH3[CH2]4C^!^.COCH3, b.p.ig 03®, is obtained from 
sodium cenanthylidcne and acetyl chloride. It pobsosscs an irritating odour. 
Dilute HaS04 converts it into acetyl caproyl methane, Cll3[CH2l4CO.CIl2COCH3 
(C. 1900, II. 1231, 1262). llydroxylamine and hydra'zines combine with the 
acetylene ketones, forming isoxazoles and pyrazoles respectively (C. 1903. D. 122 ; 
1904. I- 43)- 


4. MONOBASIC CABBOZTLIC ACIDS 

The organic acids are characterized by the atomic group, CO.OH, 
called carboxyl, of which the hydrogen can be replaced by metals and 
alcohol radicals, forming salts and esters. These organic acids may 
be compared to the sulphonic acids (p. 146), which contain the 
sulpho-group, SO2.OH. 

The number of carboxyl groups present in them determines their 
basicity, and distinguishes them as mono-, di-, tri-basic, etc., or as 
mono-, di-, and tri-c^irboxylic acids : 

CH,.CO,H 

Acetic Acid Malonic Acid Tricarballylic Add 

(Monobaiic)* (Dlbaaic}. (Tribaslc). 
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The monobasic saturated acids can be looked on as being combina- 
tions of the carboxyl group with alcohol radicals ; they are ordinarily 
termed fatty acids. They correspond with the saturated primary 
alcohols and aldehydes. The unsaturated acids of the acrylic acid 
and propiolic acid series, corresponding with the unsaturated primary 
alcohols and aldehydes, are derived from the fatty acids by the loss 
of two and four hydrogen atoms. 

They are distinguished as : 

A. Paraffin nionocarboxylic Acids, CnH2n02, formic acid or acetic 

acid scries. 

B. Olefine monocarboxyhc Acids, C„H2n-202» oleic or acrylic acid series, 

C. Acetylene monocarboxylic Acids, CnH2»-402» propiolic acid series. 

D. Diolefine carboxylic Acids, CnH2n-402. 

Nomenclature. — The Geneva nomenclature ” deduces the names 
of the carboxylic acids, just like the alcohols (p. 102), the aldehydes 
(p. 193), and the ketopes (p. 218), from the corresponding hydro- 
carbons ; thus formic acid is [methane acid] and acetic acid is [ethane 
acid], etc. ^ 

Tlic radical of the acid is the residue in combination with the 
hydroxyl group : 

CHsCO— CHjCJlg.CO— CHa.CHj.CHj.CO— 

Acetyl. Propionyl. Butyryl. 

The names of the trivalent hydiocarbon residues, which in the acid 
residues are united with oxygen, are indicated by the insertion of the 
syllable ‘‘ en ” into the names of the corresponding alcohol radicals ; 

CHa.C= CHa CH, CIIa.CHa.CHa.= 

Llhenyl. Ethylmethenvl n-PropylmethenyL 

The gioup CH=, howevei, is not only called the methenyl group, 
but also the methine group. 

Review of the Derivatives of the Monocarboxylic Acids. — 

Nnrnei classes of bodies can be derived by changes in the carboxyl 
group. In connection with the fatly acids mention will only be made 
of the salts. The other cLissc'S of deiivatives will be considered as 
such aftei the fatty acids. They are : 

(1) The esters, resulting from the replacement of hydrogen in the 
carboxyl gioup by alcohol radicals (p. 265). 

(2) The chlorides (bromides, iodides, and fluorides), which are com- 
pounds of the acid radicals with the halogens (p. 269). 

(3) The acid anhydrides (p. 271), compounds of the acid radicals 
with oxygen. 

(4) The acid peroxides (p. 273). 

(5) The thio-acids (p. 273), compounds of the acid radicals with SH. 

(6) The carbithionic acids. 

(7) The acid amides (p. 274), compounds of the acid radicals with 

NH2. ^ • 

(8) The acid nitriles (p. 278). 

Hence acetic acid yields the following : • 

I. CH 3 .CO,.C,Ha 2 . CH,.COCl 3 - (CH,.C0),0 4* (CH,.C 0),03 

Acetic Ethyl Ester. Acetyl Chloride. Acetic Anhydride. Acetyl Peroxide. 

5 . CHa-COSH 6 . CHa-CSSH ?• CH,.CONHa 8. CHa-CSN 
Thioacetic Add. Methyl Carbithionic Acetamide. Acetoaitrito. 

Add. 
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Besides the acid halides, amides, and nitriles, there exist the following more 
complex derivatives 

(9) Hydraiides (p. 278); (10) azides (p. 278) ; (ii) amide chlorides (p. 281); 
(12) imide chlorides (p. 281); (13) imido-eihers (p. 281); (14) thio-amides (p. 
282); (1$) thio-imido-ethers (p. 282) (16) hydroxamic acids (p. 282); (17) 

hydroxamoximes (p. 283); nitrosolic acids (p. 283); (ig) nitrolic acids 

(p. 283); (20) hydroxamyl chlorides (p. 283); (21) amidoxinies (p. 283); (22) 
amidines (p. 282) ; (23) hydrazidines (p. 284) ; (24) formazyles, and others: — 


24. CH,C^ 

^N.NHCcHj 
Methyl Formazyl. 


Aromatic carboxylic acids, especially benzoic acid, are particularly 
suitable for the preparation of carboxylic acid derivatives, and various 
classes of substances which actually belong here, have been discovered 
and more closely studied in that series. Benzoic acid transmits its 
own facility in crystallization to its derivatives, so that the process of 
investigation becomes the easier. 

Similarly, the aromatic amines and hydrazines, such as aniline, 
toluidine, and phenylhydrazine, are more easily prepared and more 
convenient to manipulate than the conesponding aliphatic com- 
pounds, so that in this direction also the benzene derivatives have 
been more closely investigated than the simple methane compounds. 

Numerous derivatives are also obtained by the replacement of the 
hydrogen atoms in the radical combined with hydroxyl by other 
atoms or groups. Only the halogen substitution products will be de- 
scribed under the fatty .acids, after the discussion of the various classes 
mentioned in the preceding paragraphs. 

The fatty acids can be recovered from all of the above classes of 
derivatives by simple reactions. 

It has already been indicated under the oxygen derivatives of the 
methane hydrocarbons, that aldehydes, ketones, and carboxylic aci^ 
may be considered to be anhy^des of theoretical, non-existing diacid 
or triacid alcohols, in which the hydroxyl groups are attached to the 
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same carbon atom (p. 99). The aldehydes and ketones were here 
especially referred to, because there were, among their acetals (p. 205) 
and the orthoketone alkyl ethers (p. 225), for example, stable ethers 
of glycols or orthoaldehydes and of orthoketones, ordinarily non- 
existent in the free state, among which chloral hydrate itself is 
included. 

The trihydric alcohols, corresponding with the carboxylic acids, 
cannot exist, but ethers of them are known. The hypothetical, 
trihydric alcohols, of which the carbonic acids may be considered 
anhydrides, have been called ortho acids, comparably to tribasic 
phosphoric acid being termed orthophosphoric acid (A. 139 , 114 ; J. 
(1859) ^52 \ 2 , 115). This designation has also been applied to 

the orthoaldehydes and orthoketones. 

It is customary, therefore, to speak of " hypothetical orthoformic 
acid ” and of ‘‘ orthoformic esters ” (the esters of tribasic formic acid), 
of formic acid — ^which, ip reference to the relation of orthophosphoric 
to metaphosphoric acid, PO(OOH), might be termed metaformic acid — 
and of formic acid esters : , 


yOH yOC.H^ 

HC^OH HC^OCaHj 

Orthoformic Acid. Orthoformic Ethyl 
Ester. 



Formic Acid. Formic Ethyl 

Ester. 


The chloride, bromide, and iodide corresponding with orthoformic 
acid are chloroform, hromoform, and iodoform ; further derivatives are 
nitroform, orthotrithioformic ester, formyl trisulphonic acid, and others : 


/Cl 
ucf Cl 
Vi 

Chloroform. 


/NO, 

HC^NO„ 

Nitiofomi 


/SCair. 

HC^SCaH. 

^SCoUg 

Orthotrithiolormic 

Ester 


ySO^ll 

HC^SO.H 

^SOall 

Formyl Trisulphonic 
Acid. 


It is only in the case of formic acid that the ortho-acid derivatives 
require a special designation. They will be discussed immediately 
following the derivatives of the ordinary formic acid. 

Comparably to the above, substances are known which are derived 
from orthoacctic acid, CH3C(OH)3 : 


CH,C(OCaHa)3 CH.CCl, CH,C(NO,), CHjC(NC.H,o)a 

Ortbo'icetic Ethyl Methyl Methyl Orthoacetic 

Ester. Chloroform. Nitroform. Pipendide. 


A. MONOBASIC SATURATED ACIDS, PARAFFIN MONOCARBOXYLIC 

ACIDS, CnHa„+,.CO,H 

Formic acid, H.CO.OH, is the first menlber of this series. The 
rascal HCO, which, here, is united to hydroxyl, is called formyl. 
This acid is distinguished from all its homolpgues and the unsaturated 
monocarlxixylic acids, in that it exhibits not only the character of a 
monobasic acid, but also that of an aldehyde. To express in a name its 
aldehyde character the acid might be designated hydroxyformaldehyde, 

HO.C^- 

From a chemical standpoint, this acid is more closely connected 
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with glyoxylic acid, CHO.CO2H (q-v.) than to acetic acid. Therefore, 
formic acid and its derivatives will be treated before acetic acid and 
its homologues are discussed. 

FORMIC ACID AND ITS DERIVATIVES 

It is not only the aldehyde character whicli distinguishes formic 
acid from acetic acid and its homolo^es, but it is also the absence of 
a chloride and anhydride, corresponding with acetyl chloride [q.v.) and 
acetic anhydride (q-v,), Tlie withdrawal of water from formic acid 
leads to the formation of carbon monoxide, a reaction which does 
not take place in th6 case of any of the higher homologues.* 
Hydrocyanic acid, the nitrile of formic acid, has an acid nature, and 
therein differs from the indifferent nitriles of the homologous acids. 
Formic acid is twelve times stronger than acetic acid, as is shown by 
the affinity constants derived from the electric conductivity {Ostwald). 

To the section on formic acid will be appended carbon monoxide, 
and its nitrogen-containing derivatives, the isonitriles or carhylamines, 
C=N — R', and fulminic acid, C=NOH. 

Formic Acid, H.CO.OH [Methane Acid] (Acidum formicum), m.p. 
8‘6® (crystallizes at 0°), b.p.joo D2o=i*22, is found free in ants, 

in the procession caterpiUar, Bombyx processionea, in pine needles, 
and in various animal secretions (perspiration), from all of which it 
may be obtained by distillation with water. It is almost certainly not 
present in stinging nettles [Tr.]. 

It is produced in the laboratory : 

(1) By the oxidation of methyl alcohol and formaldehyde (B. 36 . 

3304): 

o o 

H.CHaOH H.CHO ^ H.CO^U. 

(2) By heating hydrocyanic acid, the nitrile of formic acid, with 
alkalis or acids : 

HCN-l-2HaO=HCOOIl-hNH8. 

(3) By boiling chloroform with alcoholic patassium hydroxide 
(Dumas ) : 

CHCla + 4KOH = HCOOK + 3 KCIH- 2HaO. 

(4) From chloral (Liebig), (5) from acetaldehyde disulphonic acid 
(see p. 208), and (6) from propargylic aldehyde (p. 215) and sodium 
hydroxide : 

CCl,.CHO+NaOH=HCCl8+HCOONa ; 

(SOaNa)2CH.CHO+NaOH=(SO,Na)*CH,-f HCOONa; 

CH^.CHO+NaOH=CH^H-l-HCOONa. 

Remarkable and of teohnical importance is (7) the direct production 
of formates by the action of CO on concentrated potassium hydroxide 
at 100®, or more easily on soda-lime at 200-220® (Berthelot, A. 97, 125 ; 
Geuiher, A. 202, 317 ; Meri and Tibirifd, B. 18 , 718) : 

a CO + NaOH = HCO.ONa. 

(8) By action of acids on isocyanides or carbylamines (p. 247) : 

CN.CjHjH-aH.O^HCOjH+CjiHjNHa. 


* Comp. Dimethyl Ketene (p. 290), DuKeUds or Carbon Suhoaide (Vol. I.), 
and pi-Ph^nyi Keiene, 
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(9) From fulminic acid by means of concentrated hydrochloric 
acid (see Formyl Chloridoxime, p. 244), hydroxylamine hydrochloride 
being formed simultaneously : 

C=N. 0 H+ 2 H, 0 +HCl=H.C 0 *H-hNH, 0 H.HCl. 

(loa) By the reduction of moist carbon dioxide (carbonic acid) by 
potassium {Kolbe and Schmitt, A. 119, 251) : 

3CO, K +H, 0 =2HC0.0K -f-K,CO,. 

Formates are also produced by the action of sodium amalgam or electrolytic 
hydrogen (B. 38 , 4138) on ammonium carbonate and an aqueous solution of 
primary carbonates ; likewise on boiling zinc carbonate with potassium hydroxide 
and zinc dust. 

(106) Potassium hydride combines at ordinary temperatures with CO,, 
forming HCOOK. At higher temperatures (80°) there results a mixture of 
potassium formate and oxalate (C. 1905, 11 . 29). Potassium iormate is also 
formed when CO and H, aife passed together over heated potassium {Moissan, 
C. 1902, I. 568): 

2CO-fKH-HCO,K>C. 

i (11) Formic acid is best prepared from oxalic acid, by heating it 
with glycerol. 

Oxalic acid heated alone decomposes into carbon dioxide and formic acid, or 
carbon monoxide and water, the latter decomposition preponderating: 

COOH ^lICO,H + CO, 

iooH ^co+H,o-;-co,. 

When, however, the acid is heated with glycerol in a distillation flask to 
loo-no®, glyceryl monoxalic ester is first formed, and afterwards by loss of 
carbonic acid, mono-formin, the monoformic ester of glycerol : 

CH,.OCO.CO,H CH,O.COH+CO, 

CHOH = (IhOH 

'(in.iOH (iH,OH 

On further addition of crystallized oxalic acid the latter again breaks up into 
the anhydrous acid and water, which converts the glycerol formic ester into 
glycerol and formic acid : 

C3H50.CH0(0H),4-H,0=C,H,(0H),-fCH0.0H. 

At first the acid is very dilute, but later it reaches 56 per cent. If anhydrous 
oxalic acid be employed at the beginumg, a 95-98 per cent, formic acid is produced. 

To obtain anhydrous formic acid, the aqueous product is boiled with lead 
oxide or lead carbonate. The lead formate is then decomposed, at 100°, by a 
current of hydrogen sulphide. Or, formic acid of high percentage may be 
dehydrated by means of boric anhydride ( 3 , 0 ,) (B. 14 , 1709); or, finally, sodium 
formate may be decomposed by sulphuric acid (C. 1905, I. 1701). 

• 

Formic acid is a mobile liquid which possesses a pungent odour 
and causes blisters on the skin. It mixes in all proportions with water, 
alcohol and ether, and yields the Aydroie 4011202+3^20, b.p.7ao loy’l®, 
with dissociation into formic acid and water. Concentrated hot 
sulphuric acid decomposes formic add into carbon monoxide and water. 



ORGANIC CHEMISTRY 


238 

A tempeftature of z6o** suffices to break up the acid into carbon dioxide 
and hydrogen. The same change may occur at ordinary temperatures 
by the action of finely divided rhodium, iridium, and ruthenium, but 
less readily when platinum sponge is employed. 

The aldehydic nature of formic acid explains its reducing property, 
its ability to precipitate silver from a hot neutral solution of silver 
nitrate, and mercury from mercuric nitrate, being itself oxidized to 
carbon dioxide : 

/H o /OH 

HO.C^^ C0,+H,0. 

Formates, excepting the spanngly soluble lead and silver salts, are readily 
soluble in water. Lead formate, (HCOji)iPb, crystallizes in beautiful needles 
and dissolves in 36 parts of cold water. Stiver formate, HCOjAg. rapidly blackens 
on exposure to light. 

Decompostitov of Formates. — i. The alkali salts, hjeated to 250®, are converted 
into oxalates with evolution of hydrogen : 

2lJCO,K=(COaK),-fH,. 

2. Potassium formate, when heated with an excess of potassium hydroxide, 
decomposes with the formation of carbonate and the liberation of pure hydrogen 
(see Inorganic Chemistry) : 

H.COaK+KOH=KjC05+H,. 

3. The ammonium salt, heated to 230®, passes into formamide : 

-H,0 

H.COjNH^ — > H.CONH,. 

130* 

It may be distilled undecomposed under reduced pressure. 

4. The silver salt and mercury salt, when heated, decompose into metal, 
carbon dioxide and formic acid (C. 1905. II. 304) : 

2HC02Ag-=2Ag+C0,+H.C0aH. 

5. The calcium salt, when heated with the calcium salts of higher fatty acids, 
yields aldehydes (p. 190). 

Monochlorolormle acid, Cl COOH. is regarded as chlorocarbonic acid. It wiU 
be discussed aftef carbonic acid. 

Esters of Formic Acid are prepared (i) from formic acid, alcohol, 
and hydrochloric or sulphuric acid ; (2) from sodium formate and 
hydrochloric or sulphuric acid ; (3) from a mixture of formyl acetic 
anhydride, or acetyl formyl oxide, HCOOCOCH3, and alcohols (C. 1900, 
II. 314) ; (4) from glycerol, oxalic add, and alcohol. They are 
agreeably smelling liquids. 

Formic Methyl Ester, m.p‘. — loo*, b.p. 32*5* (B. 88, 638). 

Formic Ethyl Ester, b.p. 54*4®. 

This ester serves m the manufacture of artificial rum and arrack, and for the 
union of the formyl group witlv organic radicals (see formyl acetone, etc.). 

n-Propyl Ester, b.p. 81®. n-Butyl Ester, b.p. 107®. For higher esters consult 
A. 283, 233 ; C. 1900, II. 314. The allyl ester, b.p. 90®. 

Formamide, HCO.NH2, b.p. 192-195®, with partial decomposition, 
b.p. 10 90^ the amide of formic acid (comp. Acid Amides) is obtained 
(z) by heating ammonium formate (see above][ to 230'’ (B. 12, 973 ; 
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15 , 980), or (2) ethj^l formic ester iinth alcoholic ammonia to xoo” ; 
(3) by boiling formic add with ammonium thiocyanate (B. 16 , 2201). 
It consists of a thick liquid, miscible with water, alcohol, and ether. 
Heated rapidly it breaks down into CO and NH^; P2OS liberates 
hydrocyanic acid from it. It combines with chloral (p. 201) to form 
Chloral Formamide, CCl3.CH(OH)NHCHO, m.p. 115“, which is 
employed as a narcotic. 

Mercuric oxide dissolves in it with the formation of mercury formamide^ 
(CHO.NH)aHg. It is a feebly alkaline liquid, sometimes applied as a sub- 
cutaneous injection. For sodium formamide, see C. 1898, I. 927. 

Ethyl Formamide, CHO.NH.C2H5, b.p. 199*, is obtained from ethyl formic 
ester ; also by distilling a mixture 01 ethylamine with chloral : 

CClfCHO+NHi CjHj-CHO NH ('2115+ HCCl,. 

Allyl Formamide, b.p.js 109® (B. 28, i566). 

Formyl Hydrazine, HCO.NHNH2, m.p. 54®, is obtained from formic 
ester and hydrazine. It yields triazole (B. 27, R. 801) when heated 
with formamide. i* 

Diformyl Hydrazine, HCONH.NHCOH, m.p. 106®, is obtained 
from an excess of formic ester and hydrazine, when heated to 130® 
(B. 28, R. 242). Its lead salt with ethyl iodide yields Diformyl Diethyl- 
hydrazine (B. 27, 2278). 

Hydrocyanic Acid, Prussic Acid, Formonitrile, HNC, the nitrile 
of formic acid (see acid nitriles), solidifies —15®, b.p. 26’5®, Di8=0’697, 
is a powerful poison. It occurs free accumulated in all parts of the 
Javanese tree, Pangium edule, Reinw, (B. 23, 3548). It is obtained 
(i) from amygdalin (q.v,), a glucoside contained in bitter almonds, which, 
under favourable conditions, takes up water and breaks down into 
hydrocyanic acid, lavulose, and bitter almond oil or henzaldehyde [Liebig 
and Wohler, A. 22, i). An aqueous solution, thus obtained, containing 
very little hydrocyanic acid, constitutes the officinal aquaamygdalarum 
amararums its active ingredient is hydrocyanic acid. (2) By the 
action of phosphorus pentoxide on formamide ; (3) synthetically, 
by subjecting a mixture of acetylene and nitrogen to the influence of 
the electric spark (Berthelot), or by passing it through an electric 
furnace (C. 1902, 1. 525) ; (4) from cyanogen and hydrogen under the 
influence of the silent electric discharge ; (5) when chloroform is 
heated, under pressure, with ammonia ; (6) upon boiling formoxime 
(p. 213) with water : 

1. C2aH„N0„+2H,0=HNC+C5H5CH0 + 2CeHi,0, 

Amygdalin. Beoialdebyde. LbvuIow. 

P,0, 

2. HCONH, > HNC+H ,0 

3. CH^H + N»=2HNC 

4. CN.CN + H,=aHNC 

5. HCCl, +5NH,-NH*NC+3NH4C1 

6. H,C=N.OH =HNC +H, 0 . 

% 

Hydrocyanic acid is prepared from metallic cyanides, particularly 
yellow prussiate of potash or potassium ferrocyanide, by the action of 
dilute sulphuric acid : 

aK*Fe(CN),+3H,S04-K,Fe,(CN).+3K,S0*+6HNC. 
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Th'e aqueous acid thus obtained may be dehydrated by distillation 
over calcium chloride or phosphorus pentoxide. 

Historical. — Scheele discovered hydrocyanic acid in 1 7S2. Gay-Lussac, in 1 81 1, 
obtained it anhydrous, in the course of his memorable investigations upon the 
radical cyanogen. In hydrogen cyanide he recognized tlie hydrogen derivative 
of a radical, consisting of carbon and nitrogen, for which he suggested the 
name cyanogine (Kvavos, blue, yewdu, to produce). 

Properties. — Anliydrous hydrocyanic acid is a mobile liquid, pos- 
sessing a peculiar odour resembling that of oil of bitter almonds, and 
is extremely poisonoub. 

It is a feeble acid,' imparting a faint red colour to blue litmus. 
Carbon dioxide decomposes its alkali salts. Like the halogen acids, it 
reacts with metallic oxides, producing cyanides. From solutions 
of silver nitrate it precipitates silver cyanide, a white, curdy precipi- 
tate (see Inorg, Ch.). 

Reactions. — (1) The aqueous acid decomposes readily on standing, 
yielding ammonium formate and brown fubstances. Tlie presence of 
a very slight quantity of stronger acid renders it more stable. When 
warmed with mineral acids it breaks up into formic acid and ammonia : 

HNC+2H2O- lICOOH+NHg. 

{2) Dry hydrocyanic acid combines directly with the gaseous 
halogen acids to form crystalline compounds (p. 244). Witli hydro- 
chloric acid it probably yields Formimide Chloride (ll.( CI-=NH)2HC1 
(B. 16 , 352). The acid also unites with some metallic chlorides, 
e.g. FcgCle, SbClg. 

(3) Nascent hydrogen (zinc and hydrochloric acid) reduces it to 
methylamine (p. 158). 

(4) When hydrocyanic acid unites vith aldehydes and ketones, the 
double union between carbon and oxygen in tin* lati< r compounds is 
severed, and cyanhydrins, the nitriles of a-hydroxy-acids, are produced. 
These, by this means, are obtained by a nucleus synthesis. This rather 
important synthesis has become especially interesting for the building 
up of the aldoses, to which class of derivatives laevuh) c belongs. 

(5) Hydrocyanic acid, or potassium cyanide, iinitts with many 
aj8-unsaturated carboxylic acids and ajS-olefinc ketones, producing 
thereby saturated nitrilo-carboxylic acids and nitrilo-ketones, (A. 298 , 
338 : B. 37 , 4065 ; C. 1905, 1 . 171). 

For the application of hydrocyanic acid to synthesis of aromatic 
aldehydes, see these 

For further addition reactions of hydrocyanic acid compare formimido ether 
(p. 243) and isouretinc 

Constitution.— -Tlie production of hydrocyanic acid from formamide on the 
one side, and its reconversion into ammonium formate, are proofs positive of 
its being the nitrile ol formic; acid (see Acid Nitriles). Tls formation from chloro- 
form and from acetylene argue also for the formula II.C:^N. The replacement 
of hydrogen, combined <*.vith carbon, by metals is shown also by acetylene (p. 288) 
and other carbon compounds containing negative groups, e.g, the niiroethanes 
(p. 1 51). However, on replacing the metal atoms in the salts by alkyls, two 
classes of derivatives are obtained. The one scries has the alkyls united to 
carbon, as required by the formula H.CSN : nitriles of monocarboxylic acids, 
$,g. CHa.CN. In the other class the alkyls are joined to nitrogen : isonitriles 
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or carbylamines, e.g, CHsNaC. The latter are nitrogen-containing derivatives 
of carbon monoxide, and will be discussed after this body. In many respects the 
behaviour of hydrocyanic acid recalls that of the isonitriles, hence in recent 
years the formula HN has also been assigned to it, and many of the reactions 
of potassium cyanide conform better with the isonitrile formula, K.N=3C, than 
with K.C^N, the formula usually given to' this salt (A. 287 , 265). Potassium 
cyanide and iodoalkyls or alkali alkyl sulphuric acids, when heated together 
yield, in the main, the nitriles ; at a lower temperature the isonitriles are formed, 
which change over into the nitnles at a higher temperature (C. 1900, II. 366). 
The formation of acetonitrile from hydrocyanic acid and diazomethane is evidence 
in favour of the nitrile formula of hydrocyanic acid (B. 28 , 857). 

Detection. — To detect small quantities of free hydrocyanic acid or its soluble 
salts, the solution under examination is saturated with potassium hydroxide, a 
solution of a ferrous salt, containing some ferric salt is added, and the mixture is 
boiled for a short time. Hydrochloric acid is added to dissolve the precipitated 
iron oxides ; if any insoluble Prussian blue should remain, it would indicate the 
presence of hydrocyanic acid. The following reaction is more sensitive. A few 
drops of yellow ammonium sulphide arc added to the hydrocyanic acid solution, 
and this then evaporated to dryness. Ammonium thiocyanate will remain, and 
if added to a ferric salt, will ctilour it a deep red. 

Polymenzatton of Hydrocyanic Acid. — When the aqueous acid stands for 
some time in contact with alkali hydroxides, or with alkali carbonates, or if the 
anhydrous acid be mixed with a small piece of potassium cyanide, not only 
brown substances separate, but also w^hite crystals, soluble in ether, and having 
the same percentage composition as hydrocyanic acid. Inasmuch as they break 
down, on boiling, into glycocoll, NHj.CHjCOaH, caibon dioxide and ammonia, 
they arc assumed to be the nitrile of amidomalomc acid, (CN)2CHNH, (B. 7 , 767). 
They decompose at i8o®, with explosion and partial reformation of hydrocyanic 
acid. 

Salts of Hydrocyanic Acid. — Cyanides and Double Cyanides , — 
The imporlcincc of the cyanides and double cyanides in analytical 
chemistry explains the reason for the discussion of hydrocyanic acid 
and its salts in inorganic text-books. In organic chemistry the 
metallic cyanides serve for the introduction of the cyanogen group 
into carbon compounds (comp, acid nitriles, a-keione acids, etc.). 

Tlie alkali cyanides may be foimed by the direct action of these 
metals on cyanogen gas ; thus, potassium burns with a red flame in 
cyanogen, at the same time yielding potassium cyanide, C2N2+K2 
=2KNC. They arc also produced when nitrogenous organic substances 
are heated together with alkali metals. The strongly basic metals 
dissolve in hydrocyanic acid, forming cyanides. A more common 
procedure is to act with the acid on metallic oxides and hydroxides : 

HNC-f KOII = KNC-hH, 0 ; 2HNC-l-HgO=Hg(CN)2 4 -HjO. 

The insoluble cyanides of the heavy metals are obtained by the double 
decomposition of the metallic salts with potassium cyanide. 

The cyanides of the light metals, especially the alkali and alkali 
earths, are easily soluble in water, react alkaline, and are decomposed 
by acids, even carbon dioxide, with elimination of hydrogen cyanide ; 
yet they are very stable, even at a red heati and undergo no change. 
The cyanides of the heavy metals, however, are mostly insoluble, and 
are only decomposed by strong acids. When ^gniteci, the cyanides 
of the noble metals undergo decomposition, breaking up into cyanogen 
gas and metals. 

The following simple cyanides are especially important in organic 
chemistry : 

VOL. L 
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PotaWnm Cyanide, KNC (Consult v. Richter’s " Inorgi^c 
Chemistry" for method of preparation, properties, and teclmical 
applications of this salt), is as poisonous as hydrocyanic acid itself. 
The formation of potassium cyanide from the alkali metals and 
nitrogenous carbon compounds depends on the primary formation 
of potassium carbide, wluch then takes up nitrogen. 

Its aqueous or alcoholic solution becomes brown on exposure to the air, and 
decomposes, more rapidly on boiling, into potassium formate and ammonia. 
When fused in the air, as well as with easily reducible metallic oxides, the salt 
takes up oxygen and is converted into potassium isocyanate (q.v,). On being 
melted with sulphur, it forms potassium thiocyanate (q.v.). When the alkyl 
halides or salts of alkyl sulphuric acid are heated with potassium cyanide, 
acid nitriles with varying amounts of isomeric carbylamines or isonitriles are 
produced. Many organic halogen substitution products are converted into 
nitriles through the agency of potassium cyanide. Ethyl hypochlorite and 
potassium cyanide yield chlorimidocarbonic ester, a reaction which argues for 
the isonitrile formula of potassium cyanide (A. 287 , 274). 

Ammonium Cyanide, NH4NC, is formed by the direct union of HNC with 
ammonia, by heating carbon in ammonia gas : jy the action of ammonia on 
chloroform (p. 239) ; by the action of the silent electric discharge on methane 
and nitrogen ; and by conducting carbon monoxide and ammonia through red- 
hot tubes. It is best prepared by subliming a mixture of potassium cyanide 
or dry ferrocyanide with ammonium chloride. It consists of colourless cubes, 
easily soluble in alcohol, and subliming at 40®, with partial decomposition into 
NH, and HNC. When preserved it becomes dark in colour and decomposes. 
It unites with aldehydes and ketones with the elimination of water to form 
a-amidonitriles, e.g. with formaldehyde it forms methylene amidoacetonitrile 
(comp. Glycocoll). 

Mercuric Cyanide, Hg(CN)2, is obtained by dissolving mercuric oxide in 
hydrocyanic acid, or by boiling Prussian blue (8 parts) and mercuric oxide (i 
part) with water until the blue coloration disappears. It dissolves readily 
in hut water (in 8 parts cold water), and crystallizes in bright, shining, quadratic 
prisms. When heated it yields cyanogen and mercury. It forms acetyl cyanide 
with acetyl chloride (see Pyroracemic Acid). 

Silver Cyanide, AgNC, combines with alkyl iodides to yield addition products, 
which pass into isonitriles when they are heated (p. 247 ; C. 1903, II. 827). 

The chief use of potassium cyanide is in the preparation of acid 
nitriles of various kinds. This is done by bringing it into double 
decomposition with alkylogens, alkyl sulphates, and halogen sub- 
stitution products of the fatty acids. In many instances mercury 
cyanide or silver cyanide is preferable, e,g, in the formation of a-ketonic 
nitriles from acid chlorides or bromides. It is interesting to note that 
by the interaction of alkyl iodides and silver cyanide isonitriles or 
carbylamines are formed ; in them the alcohol radical is joined 
nitrogen. (See p. 247 for the explanation.) 

Compound Metallic Cyanides. — ^The cyanides of the heavy metals, insoluble 
in water, dissolve in aqueous potassium cyanide, forming crystallizable double 
cyanides, which arc soluble in water. Most of these compounds behave like 
double salts. Acids decompose them in the cold, with disengagement of hydro- 
cyanic acid and the precipitation of the insoluble cyanides : 

AgCN.KCN 4- HNO,= AgCN -t-KNO, +HNC. 

In others, however, the metal is in more intimate union with the 
cyanogen group, and the metals in these cannot be detected by the 
usual reagents. Iron, cobalt, platinum, also chromium and man^ 
ganese in their most highly oxidized state, form cyanogen derivatives 
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of this class. The stronger acids do not eliminate hydrocyanic add 
from them, even in the cold, but the corresponding adds are set free, 
and these are capable of produdng salts : 

K4Fe{CN),+4HCl=H,Fe(CN),+4Ka. 


Many chemists refer these complex metallic acids to hypothetical, 
polymeric hydrocyanic acids : 


H— C=N 


i. 


H— C=N- 


H 

Di'hydrocyanic Acid. 


N=CH-N 
Tri-hydrocy«nic Acid. 


Potassium 

Platinocyanidc. 


Potassium 

Ferrocyanide. 


Potassium 

Fcrricyanide. 


The most important compound metallic cyanides, particularly 
potassium ferrocyanide of yellow prussiate of potash, the parent sub- 
stance for the preparation of cyanogen derivatives, have already 
been described in the inorganic section of this* text-book. 

Hydroferrocyanic Acid, H4Fe(CN)6, is precipitated by ether, from 
its solution in alcohol, as a pure white compound with ether (C. 1900, 
11 . 1151). This is decomposed at 90® in vacuo. It is assumed that 
the union occurs at the oxygen atom, which behaves as a tetra- 
valent substance (comp. pp. 127, 128 ; B. 34 , 3612 ; 35 , 93). 

Sodium Nitroprusside, Fe(CN)5(N0)Nao+2H20. — Hydronitroprus- 
sic acid, of which the constitution lias not yet been determined 
(B. 29 , R. 409), is formed when nitric acid acts on potassium ferro- 
cyanide (C. 1897, I. 909). The filtrate from tlic potassium nitrate is 
neutralized with sodium carbonate, and yields the salt in beautiful 
red rhombic prisms, easily soluble in water. 

It serves as a very delicate reagent for alkali sulphides and 
hydrogen sulphide, with which it gives an intense violet coloration. 

Forwimido-ether, formhydroxamic acid, formyl chloridoxime, methyl nitrolic acid, 
formamidtfie, thioformethylumde, and formamtdoxime are intimately related to 
hydrocyanic acid and formamidc. They are representatives of groups of bodies 
which will be discussed in connection with acetic acid and its homologues. 

-OC H 

The formimido-ethers, such as *, are only known in the form of 

hydrochlorides. They are obtained from hydrocyanic acid alcohol and HCl 
(B. 16 , 354. 1644) : 

HC^N-fCjHROH+HCl = 

If a mixture of mercuric cyanide and chloride be treated with HCl gas in 
alcohol-ether solution, a double salt results, [HC(OC,H5) : Nn]HCl.HgCl, (C. 
1904, 1. 1064). 

Upon standing in contact with alcohols they pass into esters of orthoformic 
acid (q.v,). They yield amidines with ammonia and amines (primary and 
secondary). • 

Thioformethyllmide, HC<^q U , b.p.,4 125®, is produced by the union of 

ethyl isocyanide, in alcoholic solution, with hydrogen sulphide. It is a yellow 
oil, with an odour like that of sulphur (A. 280 , 297), 

Thioformie Acid, HCO.SH, is obtained as its sodium salt when formic 
phenyl ester (Vol. II.) is hydrolyzed with alcoholic NaSH. The free acid is a 
very unstable liquid, which quickly polymerizes (C. 1905, I. 20). 
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Foniiamldlne» Meihsnyl Amidine, only known in the fonn 

oi salts. Its hydrochloride is obtained ( i ) by t^e action of ammonia on fofmimido* 
ethyl ether hydrochloride (B. 16 , 375 f 1 ^ 47 ) '• (2) from formimide chloride, the 
addition product of hydrochloric acid and hydrocyanic acid, when it is digested 
with alcohol : 

t. +NH,=HC<JJg* **^+HOC^,. 

a. aHC<^g+2r,H,OH=HC<JJg*®“+C,H,a+IICO,C,H,. 

Formbydrozamic Aei 4 > m.p. So*, ia produced when eqaimolecnlar 

quantities of formic ester and hydroxylamine are allowed to stand in a solution 
of absolute alcohol ; also, by the oxidation of methylamine with persulphuric 
acid (comp. p. 163) (B. 35 , 4299). It forms brilliant leaflets, which dissolve 
readily in water and in alcohol, but sparingly in ether. At temperatures above 
its melting-point violent decomposition takes place, a change which occurs 
slowly and completely at ordinary temperatures. The acid yields an intense 
red coloration with ferric chloride. It reduced Fehling’s solution, and its 
mercury salt in dry condition explodes when it is rubbed ; copper salt, HCNO*Cu 
(comp. B. 33 , 1975)* 

Formyl Chlorldoxlme, is a beautifully crystallized, very easily 

decomposed compound, with a sharp, penetrating odour. It is produced when 
fulminates (p. 249) are treated, in the cold, with concentrated hydrochloric acid. 
It dissolves in ether. When its solution is warmed with concentrated hydrochloric 
acid, it rapidly decomposes into formic acid and hydroxylamine hydrochloride : 

In aqueous solution the body readily reverts to fulminates. Silver nitrate 
changes it to silver fulminate and silver chloride. Aniline converts it into 
phenyl isouretine (Vol. II.), and with ammonia it yields cyanisonitrosoacct- 
hydroxamic acid, a derivative of mesoxalic acid (A. 280 , 303). 

Acetyl Formyl Chloride Oxime is obtained from the product of reaction between 
acetic anhydride, formhydroxamic acid and PCI5. Silver nitrate converts it 
into stiver fulminate, silver chloride, and acetic acid (A. 310 , 19 ; B. 38 , 3S58). 

Formonitroxime, Methyl Nitrolic Acid, is prepared from: (i) 

nitromethane (p. 151) and nitrous acid, and (2) isonitrosoacelic acid (p. 250) and 
Na04. It is decomposed by boiling with water or dilute acids into N ,0 and 
formic acid, and into HNO, and fulminic acid (p. 250) (B. 40 , 418). 

NH 

Formamldoxlme, Methenyl Amidoxime, Isouretine, “ P* “ 

isomeric with urea, CO(NH,),. It results from the evaporation of an alcoholic 
solution of hydroxylamine and hydrogen cyanide (Lossen and Schifferdecker, 
A. 166 , 295 )- 

Methyl Isouretin, NHjCHiNOCHj, m.p. 40®, is prepared from isouretin, 
alkali hydroxide, and ioclomcthane (A. 310 , 2). 

Formazyl Hydride, C*H ’ “ obtained from 

formazyl carboxylic acid (see Oxalic Acid derivatives). 

Derivatives of Orthoformle Acid (p. 236}. 

Orthoformic Esters are formed (i) when chloroform is heated with sodium 
alcoholates in alcoholic solution {Williamson and Kay, A. 92 , 346) : 

CHC5[,-f3CH,.ONa=CH(OCH,)a+3NaCl ; 

(2) when formimido-cthers (p. 243) react with alcohols, mixed esters being also 
produced {Pinner, B. 16 , 1645) : 
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They are converted by alcoholic alkali hydrosides into alkali formates, and 
by glacial acetic acid into acetic esters and^ ordinary formic esters. Orthofonnic 
ester is changed by ketones and aldehydes into ortho-ethers, e.g. (CHs),C(OCaH>)9 
(p. 235), and acetal, CH8*CH(OC2Hg), (p. 205). At the same time, it passes also 
into ordinary formic ether (B. 29 , 1007). Orthoformic ester, in the presence of 
acetic anhydride and aided by heat, combines with acetyl acetone, acetoacetic 
ester and malonic ester to yield ethoxymethenyl derivatives (B. 26 , 2729). 

Orthoformic Methyl Ester j CH(OCHj)8, b.p. 102®. Orthoformic Ethyl Ester, 
CH(OCgH5),. b.p. 14b®. Orthoformic Allyl Ester, CH(OC8H,),, b.p. 196-205® 
(B. 12 , 115). 

Orthothioformlo Ester, CH(SC8H8)„ b.p.m 116®, is prepared from formic acid 
ester, or amide, by the action of ethyl mercaptan and hydrochloric acid ; also 
from chloroform and sodium mercaptide. It is a colourless oil of unpleasant 
odour. It is very stable towards alkalis, but is hydrolizea by acids. Permanganate 
decomposes it into ethane sulphonic acid and methylene diethyl sulphone (B. 40 , 
740). 

Chloroform, Trichloromethane, CHCI3, m.p. —62® (B. 26 , 1053), 
b.p. 61-5®, Di 6 = 1*5008, is obtained: (i) by the chlorination of 
CH4 or CH3CI ; (2) by the action of bleaching powder on different 
carbon compounds — e,g, ethyl alcohol, acetone, etc. ; (3) by heating 
chloral (p. 202) and other aliphatic bodies Kaving a terminal CCI3- 
group— -^.g. trichloracetic acid and trichlorophenomalic acid (j.v.) — 
with aqueous potassium or sodium hydroxide : 

CCla.CHO + KOH =CHCl8 -f HCO*K. 

Chloral. Potassium 

Formate. 

Chloroform is prepared technically by treating alcohol and acetone with 
bleaching powder w hich acts both as an oxidizing and chlorinating substance. The 
resulting CCla.CHO or CHa-CO.CCls is decomposed by slaked lime (Mechanism 
of the Reaction : Zincke, B. 26 , 501, note). Pure chloroform can be obtained 
by dccompo.sing pure chloral with potassium hydroxide ; or by freezing out 
crystals of chloioform and then placing this impure substance in a centrifugal 
machine (R. Pictet). Perfectly pure chloroform results in the decomposition of 
saitcyhde-chloroform (Anschutz, A. 273 , 73). 

Historical.* — Chloroform was discovered in 1831 by Liebig and Soubeiran. 
It was not until 1835 that Dumas pioved conclusively that it contained hydrogen. 
In 1847 Simpson, of Edinburgh, introduced chloroform into surgery. 

Chloroform is a colourless liquid of an agreeable ethereal odour and 
sweetish taste. It is an excellent solvent for iodine and many organic 
substances, some of wliich crystallize out with “ chloroform of 
crystallization,** e.g. salicylide-chloroform (see above). Chloroform 
seems to enter into a loose combination with ether, which is evidenced 
by a rise of temperature when the two liquids are mixed. Inhalation 
of its vapours produces anaesthesia. It is uninflammable. It forms 
CeCle when it is conducted through tubes heated to redness. 

Reactions. — (1) Chloroform is oxidized by the prolonged action of 
sunlight in presence of the oxygen of the air to phosgene (C. 1905, 
II. 1623), to prevent which about one per cent, of alcohol is added. 
Chromic acid also converts chloroform into tjiis body. 

(2) Chlorine converts chloroform into CCI4. ^ 

(3) When heated with aqueous or alcoholic potassium hydroxide it forms 
potassium formate (p. 236) and carbon monoxide. The latter is probably a 

* Der Schutz des Chloroforms vor Zersetzung am Licht und sein erstes 
Viertcljahrhundert : £. Biltz, 1892. Der Aether gegen den Schmerc, C. Biat« 

1896, S. 54 * 
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product* of reaction with the =OClj group, which is formed by the expulsion of 
HCl from the chloroform by the action of the alkali. It then unites with the 
alkali, whereby the more formic acid is produced the higher the temperature of 
reaction (A. 302^ 274) : 

CHC1 s+ 4KOH=HCOOK+3KC1+2H,0. 

(4) Orthoformic acid ester, CII(O.C,Il5),, is produced when chloroform is 
treated with sodium alcoholate. 

(5) When heated to 180° with alcoholic ammonia, it forms ammonium cyanide 
and chloride. When potassium hydroxide is present, an energetic reaction takes 
place at ordinary temperatures. The equation is ; 

CHCl5+NH,+4KOH=KNC+3KCl+4HaO. 

r 

(6) Isonityiles (p. 247), having extremely disgusting odours, are formed when 
chloroform is heated with primary bases and potassium hydroxide. This reaction 
serves both for the detection of chloroform and also of the primary amines. 

(7) Chloroform yields an additive product with acetone — e.g. a-hydroxy- 
isobutyric acid. 

(8) It is converted by sodium acetoacetic ester into m-hj'^droxyuvitic acid 
(Vol. II.). 

(9) Aromatic hydroxyaldcliydes (Vol. II.) ar'3 produced when chloroform is 
digested with phenols and sqdium hydroxide. 

Bromoform, CHBrs, m.p. 7-8®, b.p. 151®, Dis = 2*9, is produced by 
the action of bromine and KOH or lime {Lowig, 1832) on alcohol 
or acetone ; by electrolysis of a solution of acetone and potassium 
bromide (C. 1902, I. 455 ; 1904, II. 301) ; from chloroform and 

aluminium bromide (C. 1900, 1. 1201 ; 1901, 1. 666) ; and also from 
tribromopyroracemic acid (q-v.). 

Iodoform, CHI3, m.p. 120®, is formed when iodine and potassium 
liydroxide act on ethyl alcohol, acetone, aldehyde and other 
substances containing the methyl group. Pure methyl alcohol, how- 
ever does not 3deld iodoform (B. 13, 1002). 

The formation of tri-iodoaldehyde and tri-iodoacetone precedes the 
production of the iodoform. These substances are very unstable in 
the presence of alkalis. When tri-iodoacetic acid is warmed with acetic 
acid, or when it is treated with alkali carbonates, it breaks down into 
iodoform and carbon dioxide. Iodoform can be obtained by electro- 
lysis of an aqueous solution of KI, Na2C03 and alcohol, or KI and 
acetone (C. 1897, II. 695 ; 1898, I. 31 ; 1900, II. 19 ; 1904, 1. 995). 
Acetylene-mercury chloride, C2H2.HgCl2, also yields iodoform when 
acted on by iodine and alkali (C. 1902, II. 1499). 

Iodoform crystallizes in brilliant, yellow leaflets, or hexagonal 
plates (C. 1899, I. 189 ; 1901, 11. 23), soluble in alcohol and ether, 
but insoluble in water. Its odour is saffron-like. It evaporates 
at medium temperatures and distils in aqueous vapour. Digested 
with alcoholic KOH, HI, or potassium arsenite, it passes into methy- 
lene iodide (p. 206). Light and air decompose iodoform into CO2, CO, I, 
and water (C. 1905, II. 1718). 

Historical. — Iodoform Was discovered in 1832 by Serullas. Dumas, 
in 1834, proved that ib contained hydrogen, and in 1880 it was applied 
by Mosetig-Moorhof in Vienna in the treatment of wounds. 

Fluoroform, CHF3, is obtained from silver fluoride and chloro- 
form, or better, iodoform mixed with sand. It is a gas (B. 23, R. 377, 
680 ; C. Z900, 1 . 886). 
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Fluarochloroform CHC 1 |F., b.p. 14*5*; Fluorochhrobromoform, CHQFBr, 
b.p. 38® (B. 26 , R. 781). 

Nitrolorm, Trinitromethane, CH(NQa)s, has been described already, in conneo 
tion with the nitroparaffins (p. 155). 

Formyl Trisulphonlc Acid, Methine Trisulphonic Acid, CH(SO,H)|, is pro- 
duced by the action of sodium sulphite on chloropicnn, CCls(NO|) (q»v,), 
and when fuming sulphuric acid acts on calcium methyl sulphonate (p. 210). 
The acid is very stable, even in the presence of boiling alkalis (C. 1899, I. 182). 

In this connection may be mentioned also dibromomtromethane (p. 151), 
nitromethane dtsulphonic acid (A. 161 , 161). and hydroxymeihane disulphomc 
acid, CH(OH) (SOsH), (B. 6, 1032) ; dtchloromethane monosul phonic acid, dichloro- 
methyl alcohol, are only known as acetic esters. 

Carbon Monoxide, Isonitriles or Carbylamines, and Fulminio Acid. 
Carbon Monoxide, CO, m.p.ioo —207®, b.p.reo —190^ critical 
temperature —141°, critical pressure 35 atmospheres, a colourless, 
combustible gas, the product of the incomplete combustion of carbon, 
has already been discussed in the inorganic section of this book. The 
methods for its productioh and its reactions, which are of importance 
in organic chemistry, will again be briefly reviewed. Carbon monoxide 
is obtained (i) from formic acid, oxalic acid,*a-ketonic acids such as 
pyroraccmic acid and benzoyl formic acids (Vol. II.) ; (2) from 
a-hydroxy-acids such as glycolic acid, lactic acid, malic acid, citric 
acid, and mandelic acid (Vol. II.) ; (3) from tertiary carboxylic acids 
of the formula R3COOH, such as trimethyl acetic acid (p. 258), tri- 
phenylacetic acid (Vol. II.), camphoric acid, cineolic acid (Vol. II.), 
from all these by the action of concentrated or fuming sulphuric acid 
(comp. B. 39, 51). It is also made from hydrocyanic acid if, in pre- 
paring the latter from potassium ferrocyanidc, K4Fe(CN)6.3H20, 
concentrated sulphuric acid be substituted for the more dilute acid ; 
in this manner the hydrocyanic acid is changed to formamide, and the 
latter imm(‘diately breaks down into ammonia and carbon monoxide. 
Formamide yields carbon monoxide on the application of heat. 

Reactions. — (i) Carbon monoxide and hydrogen exposed to the in- 
fluence of electric discharges yield methane (p. 71). Being an un- 
saturated compound; carbon monoxide unites (2) with oxygen, giving 
a feebly luminous but beautifully blue flame, forming carbon dioxide ; 
(3) with sulphur yielding carbon oxysulphide ; and (4) with chlorine, 
to form carbon oxychloride or phosgene. It is rather remarkable that 
it also combines directly with certain metals. (5) With potassium it 
forms potassium carbon monoxide or potassium hexoxybenzene (y.v.), 
CeOeKe ; (6) with nickel it yields nickel carbonyl, Ni(CO)4, b.p. 43® 
(Mond, Quincke, and Langer, B. 23 , R. 628 ; C. 1093, I. 1250 ; 1904, 
II. nil) ; (7) with iron it yields iron carbonyl Fe(CO)5, b.p. 102® 
(C. 1906, 1. 333 ; 1907, 1. 1179)- It forms (8) alkali formates with the 
alkali hydroxides (p. 236), and with (9) sodium methoxide and 
sodium ethoxidc it yields sodium acetate and propionate. 

Carbon Monosulphide, CS, is not yet ‘known (B. 28 , R. 388). 
Isonitriles, Isocyanides, or Carbylamines are isomeric with the all^l 
cyanides or the acid nitriles, but are distinguished from these in 
that they have their alkyl group joined to nitrogen. The isonitriles 
were first prepared in 1866 by Gautier (A. 151 , 239) by two methods. 
The first consisted in allowing alkyl iodides (i mol.) to act on silver 
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cyanide (p. 242) (2 mols.), whilst in the second method the addition 
products of sUver cyanide and the alkyl isonitriles were decomposed 
by distillation with potassium cyanide : 

la. C,HsH-2A^N=C,H,NC.AgCN+AgI 

16. C 2 HjNC.AgCN + KCN=C,H,NC+AgCN.KCN. 

Shortly afterwards, A. W. Hofmann (A. 146 , 107) found that iso- 
nitriles were produced by digesting chloroform and primary amines 
with alcoholic potassium hydroxide : 

2. CsH,NH,+CHCl,-h3K0H=C,H5NC+3KCl+3H,0. 

3* The isonitriles are produced as by-products in the preparation 
of the nitriles from alkyl iodides or sulphates and potassium cyanide. 


Properties. — ^The carbylamines are colourless liquids which can be distilled, 
and possess an exceedingly disgusting odour. They are sparingly soluble in 
water, but readily soluble in alcohol and ether. • 

Reactions. — (i) The isonitriles are characterized by their decomposition 
by dilute acids into formic^ acid and primary amines. This reaction proceeds 
readily by the action of dilute acids (HCl), or by heating with water to 180® : 


C,H,.NC+2H,0=C,HjNH,+HC02H. 

Nitriles, on the other hand, by the absorption of water, pass into the ammonium 
salts of carboxylic acids : 

C,HBCN4-2HaO=C,H5COONH4. 

It is, therefore, concluded that in the nitriles the alkyl group is in union with 
carbon, whilst in the isonitriles it is linked to nitrogen. Three formulae have 
been suggested for the isonitriles : 

111 It lit IV V IV 

I. CjH.N^C II. C,HaX=C= III. CgTljN^C. 

Nejt who has studied several aromatic isonitriles exhaustively, gives formula I. 
the preference (A. 270 , 267). (2) The fatty acids convert isonitriles into alkylized 

fatty acid amides. (3) The isonitriles, like hydrocyanic acid (p. 240), form 
crystalline derivatives with HCl ; these are probably the hydrochlorides of 
alkyl formimide chlorides, 2CH,NC.3HC1 = [CHsN=CHCl]2HCl, which water 
decomposes into formic acid and aminO' bases. (4) Mercuric oxide changes the 
isonitriles into isocyanic ethers, C,HcN-=CO, with the separation of mercury, 
just as CO, by absorption of oxygen, b^omes CO,. 

(5) Heat converts the isonitriles into the normal nitriles, RC :N, with 
intermediate polymerization products (C. 1907, I. 948). 

(6) lodo-alkyls and metallic cyanides unite with the isonitriles to form 
dottle compounds (see above) ; RNC.CNAg can be looked on as being an ester of 
a hydrosilvercyanic acid, HAg(CN), (C. 1903, II. 827 ; 19071 I- 948)* 

Methyl Isocyanlde, Methyl Carbylamines Isoacetonitriles CH,NC, b.p. 59". 
Ethyl Isocyanide, Ethyl Carbylamine, C,H,NC, b.p. 79 \ when heated at from 
230® to 250®, undergoes atomic rearrangement into propionitrile. It combines 
with chlorine to yield ethyl isocyanogen chloride or ethylimidocarbonyl 
chloride, a derivative of carbonic acid; similarly, with bromine to form ethyl 
carbylamine bromide (C. 1904, II. 29). With HgS it forms thioformethylimide 
(p. 243), and with acetyl chlpride it produces ethylimidopyruvyl chloride, a 
derivative of pyroracemic acid (A. 280 , 291). UrPropyl Isocyanide, b.p. 98®. 
n-Butyl Isocyanidcs b.p. i*t9® (C. 1900, II. 366). 

Fulminio Acid, Carbyloxime, C=N.OH, is the oxime corresponding 
with carbon monoxide, and possesses the properties and characteristics 
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of a strong acid (R. Scholl, B. 28 , 3506 ; Nef, A. 280 , 303 ; comp, also, 
B. 27 , 2817). The fulnmates have the ^me percentage composition' 
as the salts of cyanic acid, and constitute one of the firet examples of 
isomeric compounds (Liebig, 1823). Little is known about the free 
acid. Its odour is very similar to that of hydrocyanic acid, and is as 
poisonous. The acid is formed when the fulminates are decomposed 
by strong acids. It combines quite readily with the latter, — e,g. it 
yields formyl cliloridoxime with hydrochloric acid (p. 244), which breaks 
down very easily with the formation of fulminic acid. The reaction 
of tlie fulminates with hydrochloric acid affords some insight into 
the consitution of fulminic acid itself. First, hydrochloric acid unites 
directly and salts of formyl chloridoxime arise, from which, by the 
absorption of water, formic acid and hydroxylamine are formed : 

C=NOAg+HCl 

HC<^°^8+HC1 =HC<^,°**+Aga. 

HC<^j°^+2H,0=HC0,H+NH,*0H.HC1. 

The most important of the salts is mercury fulminate, which is 
employed, technically, as a detonating agent. 

HtstortcaL — Mercury fulminate was first obtained by Howard, in 
1800, by the interaction of a solution of mercuric nitrate and alcohol. 
In 1824, Liebig and Guy Lussac showed that silver fulminate 
possesses the same percentage composition as silver cyanate, discovered 
by Wohler in 1822 — ^an observation which paved the way for the re- 
cognition ol the phenomenon of isomerism (p. 25). Kekuli (1856) 
consideied fulminic acid to be nitro-acetonitrile, NO2CH2CN, an 
assumption which could not be sustained, since in 1883 Ehrenberg and 
Carstanjer, and also Steiner, found that all the nitrogen in fulminic acid 
appears as hydroxylamine when the acid is treated with hydrochloric 
acid. Steiner ascribed to fulminic acid the formula C(NOH) : C(NOH). 
In 1890, however, R, Scholl put forward the formula C=NOH, indicating 
that fulminic acid is the oxime of carbon monoxide ; this Nef completely 
substantiated in 1894 by thorough experimental investigation (B. 
88, 51). 

Mercury Fulminate, (C=N.O)2Hg+iH20 (B. 18 , R. 148), is formed 
(i) by the action of alcohol (B. 9 , 787 ; 19 , 993, 1370), acetaldehyde, 
dimethyl acetal or malonic acid (C. 1901, II. 404) on a solution 
of mercury in excess of nitric acid which contains oxides of nitrogen 
(B. 38 , 1345) ; (2) by the addition of a solution of sodium nitro- 
methane to a mercuric chloride solution ; 

2CH,=N<^^^+HgCl, = (C=N0),Hg+2H,0+2NaCl. 

• O 

There is always produced at the same time a yellqp) basic salt, (Hg<Q>C- 

w:NO),Hp, which is the sole product obtained on pouring a solution of mercuric 
chloride into a solution of sodium nitromethane. This yellow salt is also very 
explosive. 

(3) By boiling methyl nitrolic acid (p. 154) with dilute nitric add 
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in presence of mercury salts. This reaction indicates the course of 
the formation of fulminic acid from alcohol (B. 40 , 421) : 

O HNO, ti O XT HNO, 

CH,.CH,OH > CHjCHO > HOK:C<"jjq >■ HON:C<"qqjj > 

Alcohol. Aldehyde. Isonitroso- Isonitroso- 

acetaldehyde. acetic Acid. 

HON:C<^^jj HON:C<^°* HON:C+HNO,. 

Nitrolic Acetic Methyl Nitrolic Fulminic Aud. 

Acid. Acid. 


The formation of fulminic acid from malonic acid (p. 249) proceeds 
similarly to the above. 

Fulminating mercury crystallizes in shining, white needles, which 
are fairly soluble in hot water. It explodes violently on percussion, 
and also when acted on by concentrated sulphuric acid. Con- 
centrated hydrochloric acid evolves CO2, and yields hydroxylamine 
hydrochloride and formic acid, a reaction wfell adapted for the pre- 
paration of hydroxylamine (B. 19 , 993). 

Chlorine gas decomposes mercury fulminate into mercuric chloride, cyanogen 
chloride and CClgNO*. Aqueous ammonia converts it into urea and guanidine 
(see acetyl isocyanate). Silver fulminate in benzene solution is converted by 
aluminium chloride into j 9 -benzaldoxime (B. 32 , 3492). 


Silver Fulminate, C=NOAg, white needles, is prepared after the manner of 
the mercury salt, and is even more explosive than the latter. It is also prepared 

TT 2AgNOs 

from acetoformyl chloridoxime (p. 244) and AgNOj • q>C=NOCOCH, > 

AgCl+CNOAg+HOCOCHg. Potassium chloride precipitates from hot solutions 
of .silver fulminate one atom of silver as chloride, and the double salt, CjN^OjAgK, 
crystallizes from the solution. Nitric acid precipitates from this salt acid 
silver fulminate, C2N,OjAgH, a white, insoluble precipitate. On boiling mercury 
fulminate with water and copper or zinc, metallic mercury is precipitated and 
copper and zinc fulminates (CjN^OjCu and CjN^O^Zn) are produced. 

Sodium fulminate, C=NONa, is obtained when mercury fulminate is digested 
with sodium amalgam in alcohol. It crystallizes in fine neerlles, is explosive and 
poisonous. Examined by the freezing-point method, its molecule is found to 
be a simple one (B. 38 , 1355 ; A. 298 , 345). A solution acidified with sulphuric 
acid yields to ether a crystalline explosive acid (CNOH),. Sodium fulminate is 
converted to an ester (CNOCH,)3, m.p. 149®, by means of dimethyl sulphate 
(C. I 907 > I. 27). 

In the formation of salts and double salts fulminic acid behaves much like 
hydrocyanic acid. This is readily understood if hydrocyanic acid be regarded 
as hydrojgen isocyanide, C=NH. Sodium ferrocyanide corresponds with sodium 
ferrofulminate, (C=NO)«VcNa4-f iSHjO, which is produced by bringing together 
a solution of sodium fulminate and ferrous sulphate (A. 280 , 335). It consists of 
yellow needles. 

Dlbromonitro-acetonltrlle, Dihromoglyoxime Peroxide, CN.CBr.NO,, or 
BrC«N— O 

11.T A 5° ' produced when bromine acts on mercury fulminate. 
BrC— N— O 


This body, when heated with hydrochloric acid, passes into HBr, NH,, NHjOH 
and oxalic acid. Aniline pro 1 $ably converts the dibromide into the dioxime of 
the oxanilide (C^HjNHCssNOH),. 

Fulmlnurle Acid, Nitrocyanacetamide, C,Nj03H8“=CN.CH(N02)C0NHg, is a 
derivative of tartronic acid. Its alkali salts are obtained by boiling mercuric 
fulminate with potassium chloride or ammonium chloride and water. The sodium 
salt is converted, by a mixture ot sulphuric and nitric acids, into trinitroacetonitrile. 
The free acid is obtained by decomposing the lead salt with hydrogen sulphide. 
It deflagrates at X45*« Especially characteristic is the Cupvammonium salt. 
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CaNsO,H,(CuNHt}« which consists oi glistening porple-coloured prisms. (Comp. 
Cyanunc Acid.) 

Ethyl iodide converts the silv^ salt at 80-90* into the Ethyl Ester, 
C,H,N,0,(0C,H,). m.p. 133®, which is changed into Desoxyfulminurio Aeid, 

Cyamsomtroso-acetamtde, C 1 N 3 H 3 O 1 = CN.C(:NOH)CONH 3 , m.p. 184® (A. 280, 
331}, a mesoxalic acid derivative, when boiled with water and alcohol. 


ACETIC ACID AND ITS HOMOLOGUES, THE FATTY ACIDS, CnH2n+i.C02H 

We can regard and also designate all the homologues of acetic acid 
as mono-, di-, and tri-alkylized acetic acids. Names are then obtained 
which as clearly express the constitution of the acids as the carbinol 
names show the constitution of the alcohols (p. lOi). 

The acids of this series are known as fatty acids, because their 
higher members occur in the natural fats. The latter are esters of the 
fatty acids, with glycerol, a trihydric alcohol. On boiling them with 
potassium or sodium hydroxide, alkali salts (soaps) of the fatty acids 
are formed, and from these the mineral acids Jiberate the fatty acids. 
Hence, the process of converting a compound ester into an acid and an 
alcohol has been termed sapontficaiion, and this term has been applied 
to the convcision of other derivatives of the acids into the acids 
themselves — e.g. the conversion of nitriles into the corresponding acids.* 

The lower acids (with exception of the first members) are oils ; the 
higher, commencing with capric acid, are solids at ordinary tempera- 
tures. The first can be dist died without decomposition ; the latter 
are partially decomposed, and can only be distdled without alteration 
under reduced pressure. Only the first members are volatile in steam. 
Acids of simdar structure show an increase in their boiling points of 
about 19° for each increase in CH2. It may be remarked that the melt- 
ing points are higher in acids of normal structure, containing an even 
number of carbon atoms, than in the case of those having an odd 
number of carbon atoms. The dibasic acids exhibit the same cha- 
racteristic. As the oxygc'n content diminishes, the specific gravities 
of the acids grow successively less, and the acids themselves at the same 
time approach the hydrocarbons in character. The lower members 
are readily soluble in water, but the solubility legularly diminishes with 
increasing molecular weight. All dissolve readily in alcohol, and very 
easily in ether. Their solutions redden blue litmus. The acidity 
diminishes with increasing molecular weight ; this is very clearly 
evidenced by the diminution of the heat of neutralization and the 
initial velocity in the etherification of the acids. 

The most important general methods of preparation of the 
monobasic acids are : 

(i) Oxidation of the primary alcohols and aldehydes : 

CH,.CH,OH — ^ |cH,.CH<q 2 J — CH,b<^ — CH, 

Ethyl Alcohol. Aldehyde. Acetic Acid. 

The oxidizing agents most usually employed are chromic acid and perman- 
ganate (C. 1907, I. 1179). 

* The term hydrolysis is more strictly accurate. — ^T r. 
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In the case of normal primary alcohols with high molecular weight the con* 
version into the corresponding acids is effected by heating with soda-lime : 

C, 5 H,iCH, 0 H-|-Na 0 H=C„H,i.C 02 Na-f 2 H,. 

Cetyl Alcohol. « Sodium Palmitate. 

(a) By the addition of hydrogen to the unsaturated monocarboxylic acids : 

CH, =CH.CO,H + 2 H =CH,.CH,.COjH. * 

Acrylic Add. Propionic Add. 

(3) By the reduction of hydroxy-acids at raised temperatures by means 
of hydriodic acid : 

CH,.CH( 0 H)C 0 ,H-h 2 HI=CH,.CH,.C 0 ,H+H, 0 +I|. 

Or, halogen substituted ackis may be reduced by means of sodium amalgam. 

Many nucleus-synthetic methods are known for the formation of 
derivatives of the acids, which can easily be changed to the latter. 
These methods are important in the building-up of the acids. 

(4) Synthesis of the Acid Nitriles, — ^The alkyl cyanides, called also 
the fatty acid nitriles, are produced by the interaction of potassium 
cyanide and alkylogens or the alkali salt*? of the alkyl sulphuric acids. 
Wien the alkyl cyanides or fatty acid nitriles are heated with alkalis 
or dilute mineral acids the cyanogen group is transformed into the 
carboxyl group, whilst the nitrogen is changed to ammonia. In this 
manner formic acid is produced from hydrocyanic acid (p. 236) : 

ai,.CN-f- 2 H, 0 -f-HCl=CH,.C 08 H+NH 4 Cl 

CII,.CN-|-HjO-f-KOH=CH,.CO,K+NH,. 

This method makes the synthesis of acids from alcohols possible. 

The change of the nitriles to acids is, in many instances, best carried out 
by digesting the former with sulphuric acid (diluted with an equal volume of 
water) ; the fatty acid will then appear as an oil upon the surface of the solution 
(B. 10,262). 

The conversion of the nitriles directly into esters of the acids may be effected 
by dissolving them in alcohol and passing hydrochloric acid gas into the solution, 
or by warming it with sulphuric acid (B. 9 , 1590). 

(5) The action of carbon monoxide on the sodium alcoholatcs heated to 
160-200® only proceeds smoothly and easily in the case of sodium methoxide 
and ethoxide (A. 202 , 294 ; C. 1903, II. 933) : 

C,H,.ONa+CO = CaHj.COj.Na. 

Sodium Ethoxide. Sodium Propionate. 

Similarly, carbon monoxide and sodium hydroxide yield formic acid (p. 236). 

(6a) The action of carbon dioxide on sodium alkyls (A. Ill, 234) is only 
applicable with sodium methyl and sodium ethyl (p. 184). It may be compared 
with that in which formic acid is produced by the action of moist carbon dioxide 
on potassium (potassium hydride) : 

C,H,.Na-fCO,=C,H*.COaNa. 

(6ft) By the action of carbon dioidde on an ethereal solution of an alkyl 
magnesium halide, and the decomposition of the rcsultmg magnesium compound 
by ice and sulphuric acid (C. 1901, H. 622 ; B. 35 , 2519) ; 

CO, H,o 

CHjMgBr CH,CO,MgBr > CH,COOH. 

(7) By the action of piiosgene gas, COCl,, on the zinc alkyls. Acid chlorides 
are first formed, and subsequently yield aoids when treated with water : 

Zn(CH,),-|-2COCl,-2CH,.COCl+ZnCl„and 

Acetyl Chloride. 

CH,.COa +H ,0 * CH,.CO.OH + HCl. 

Acotio AeM. 
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(8) Electro-syntlieses of the esters of monooarboxylic acids occur tipon 
electrolyzing mixtures of the salts of fatty acids and the mono-esters of dicar- 
boxylic acids. But3rric ester, for example, is obtained from potassium acetate 
and potassium ethyl succinate (B. 28 , 2427) : 

ch,!co,'k hoh°’ch, CO, koh h' 

iH,.CO,C,H, iH,-CO,.C,H, 

The following methods of formation are based upon the breaking- 
down of long carbon chains : 

(9) The decomposition of ketones by oxidation with potassium 
dichromate and sulphuric acid (p. 219) : 

o 

CH3[CHa]u.CO CH, > CH,[CH,]„C 0 ,II-i-CH,.C 03 H 

Pentadecyl Methyl Ketone xrom Pentadecycbc Acid. Acetic Acid, 

Palmitic Acid. * 

By the action, also, of chlorine and alkali, tthe alkyl methyl ketones 
can be made to yield chiefly carboxylic acids, the change being due to 
the separation of the CH3 group in the form of chloroform and the 
replacement of it by the hydroxyl group. 

(10) Decomposition of unsaturated acids by fusion with potassium 
hyckoxide : 

KOH 

Cn,CH : C(CH,)CO,K > CHjCO,K and CH,CH, COjK 

Potassium Angelicate. Potassium Potassium Propionate. 

Acetate. 

(11) Decomposition of acetoacetic ester, as well as mono- and dial- 
kyl acetoacetic esters, by concentrated alcoholic potassium hydroxide : 

CH3C0CH,C03C3H3+2K0H=CH,C0j|K+CH,C0,K-fCjH50H 
Acetoacetic lister. 

CU,C0.CH(R)C0aC,H5-f2K0H=CH3C0aK+CH3(R)C02K-fC,H3 0H 

CH,C 0 .C(R) 3 C 03 C 3 H 3 + 2 K 0 H=CH,C 03 K+CH(R),C 0 ,K 4 -C 3 H, 0 H 

The mono- and* di-alkyl acetoacetic esters are decomposed, by 
boiling sodium alcoholate solution, into mono- and di-alkyl acetic ester. 

(12) Decomposition of kctoxime carboxylic acids, after internal re- 
arrangement into acid amides. This reaction is valuable in deter- 
mining the constitution of the olefine carboxylic acids, from which the 
ketoxime carboxylic acids can be prepared. (Comp, oleic acid, 
p. 300.) 

(13) Decomposition of dicarboxylic acids, in which the two carboxyl 
groups are in union with the same carbon atom. On the application 
of heat, these lose carbon dioxide : 

^^•<coIn ;->ch3.co3H+co, 

Malonic Acid. 

CH(R)<cqJh > CH,(R)CC),H+CO. 

C(R).<^3Ih ^ CH(R),CO,H+CO,. 

The acids produced by the methods xi and 13 can be regarded as directly 
darived from acetio acid, CH,.COOH, in which i or 2H atoms of the CH, group 
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are replaced by alkyls ; hence the designations methyl- and dimethyl-acetic acid, 
etc.: 

CH,.CH, CH,.C,H* CH(CH,)t 

doOH iook ^OOH 

Methyl Acetic Acid or Ethyl Acetic Acid or Dimethyl Acetic Acid or 

Propionic Acid. Butyric Acid. Ibobutyric Acid. 

To comprehend fully the importance of these two methods of 
formation the following facts may be stated here, though they are out 
of their pre-arranged sequence. 

Acetic ester is the parent substance for the production of aceto- 
acetic ester, and chlorJicetic ester for that of malonic ester. Aceio- 
acetic ester, CH3CO.CH2CO.OC2H5, and malonic ester, CH2(COOC2H6)2, 
contain a CH2-group, in combination with two CO-groups. One 
hydrogen atom in a CH2-group thus situated may be replaced by sodium, 
and the latter, through the agency of an alkyl iodide, by an alkyl group. 
In this manner monoalkyl acetoacetic esters, CII3CH.CHRCO.OC2H5, and 
monoalkyl malonic esters, CHR(COOC2H5)2, are obtained. Further, 
in these monoalkyhc derivatives the second hydrogen atom of the 
CH2-group may be substituted by sodium, and this, in turn, may be 
replaced by a similar or a different alcohol radical, through the action 
of an alk3dogen : the products are then dialkyl acetoacetic esters, CH3- 
C0.C(R)2C00C2H6, and dialkyl malonic esters, C(R)2(COOC2H5)2. 
The ease with which all of the reactions involved in the iormation of 
the alkyl malonic and acetoacetic esters are carried out render these 
bodies very convenient material for the production of a nucleus synthesis 
of mono- and dialkyl acetic acids. The breaking-down of malonic 
acid and the alkyl malonic acids possesses this advantage, that it pro- 
ceeds in one direction only, whereas the alkyl acetoacetic esters undergo 
a ketone decomposition simultaneously with the acid decomposition, 
with the separation of the carboxyl group (p. 218). 

Isomerism, — Every monocar boxylic acid corresponds with a primary 
alcohol. Hence the number of isomeric nionocarboxylic acids of 
definite carbon content is, as in the instance of the aldehydes, equal 
to that of the possible primary alcohols (p. 103), possessing a like 
quantity of carbon. The isomerism is dependent upon the isomerisms 
of the hydrocarbon radicals in union with the carboxy l group. 

There are no possible isomers of the first three members of the 
series C»H2n02 : 

H.COjH CH,.CO,H C,H«.CO,H 

Formic Acid. Acetic Acid. Propionic Acid. 

Two structural isomers are possible for the fourth member, 
C4H8O2 • 

CH,.CH, CHj.COjH and (CH,),.CH.COjn. 

Propyl Carboxylic Acid Itopropyl Carboxylic Acid. 

Butyric Acid. IsoLutyric Acid. 

Four isomers ar<j possible with the fifth member, CjHio02= 
C4H9.CO2H, inasmuch as there are four butyl, C4HQ, groups, etc. 

Reactions. — k concise review of their many derivatives was given 
in the introduction to the monocarboxylic acids, which were obtainable 
in part from the acids, or directly from their salts. Their most im- 
portant reactions follow : ^ 
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(1) Acids and alcohols yield esters in the presence of hydrochloric 
or sulphuric acid (p. 263). 

(2) Salts and alkylogens, or alkyl sulphates, yield esters. 

(3) Acids or salts, when acted on by the chlorides of phosphorus, 
yield acid chlorides (p. 269) and acid anhydrides (p. 271). 

(4) The ammonium salts of the acids lose water and become 
acid amides (p. 274) and acid nitriles (p. 278). 

(5) The halogens produce substitution products. 

(6) The fatty acids are very stable in the presence of oxidizing 
agents, and are only attacked very slowly. Those acids, containing a 
tertiary group, yield nitro-derivatives (B. 15 , 2318; 32 , 3661) when 
acted on by nitric acid. 

In discussing the paraffins, their alcohols, aldehydes and ketones, 
methods of producing these bodies were described, which were based 
upon reactions of the fatty acids, their salts or their immediate 
.derivatives. These may be summarized here : 

(1) Paraffins (p. 74) result from the reduction of higher fatty acids 

by hydi iodic acid. • 

(2) Paraffins (p. 74) are produced when the calcium salts of the 
fatty acids are distilled with soda-lime. 

(3) Paraffins, together with CO2, alcohols, and other products 
(p. 73), result from the electrolysis of concentrated solutions of the 
potassium salts of the fatty acids. 

(4) Acid chlorides and anhydrides, when reduced, yield aldehydes 
(p. 191) primary alcohols (p. 103). 

(5) Acid chlorides, esters, amides, and nitriles reacting with zinc 
alkyls or magnesium alkyl halides yield ketones (p. 217) and tertiary 
alcohols (p. 105). 

(b) By the interaction of iodine and the silver salts of fatty acids, esters of 
the next lower alcohol are formed (comp. p. 263). 

(7) When the calcium salts are distilled with calcium formate, 
aldehydes are produced (p. 190). 

(8) Simple and mixed ketones (p. 190) are formed when a single 
calcium salt or an equi molecular mixture of two different calcium 
salts are distilled respectively. 

(9) The reduction of acid nitriles yields primary amines ; these, 
are converted into the corresponding alcohols by hitrous acid. 

(10) Acid amides, when acted on by bromine and sodium hy- 
droxide, lose CO as carbon dioxide and pass into the next lower 
series of primary amines. This reaction can therefore be employed for 
proceeding step by step down the series of fatty acids (p. 263). The 
azides of the acids behave similarly when acted on by water or alcohol. 

The constitution of the fatty acids follows from their production 
from bodies of known constitution and their cpnveision into the same. 

Acetic Acid [Ethane Acid], CH3.COOH (Acidum accticum), m.p. 
167°, b.p. 118® D2 o=I’ 0497, formed by the spontaneous souring of 
alcoholic liquids, is the acid which has been longest known. Vinegar 
and the term acid '' were designated, for example, by the Romans 
by closely related words. Wood vinegar first became known in the 
middle ages. ^ 
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Acetic acid is found in the vegetable kingdom both free and in the form of 
salts and esters. TliuSp it was mentioned under n-hexyl and n-octyl alcohols 
that they occurred in the form of their acetic esters in the ethereal oil of the seed 
of Her odeum giganteum and in the fruit of Heracleum sphondylium. The officinal, 
concentrated acid, as well as the thirty per cent, aqueous solution of the acid, 
are applied medicinally. 

Acetic acid is produced in the decay of many organic substances 
and in the dry distillation of wood, sugar, tartaric acid, and other 
compounds ; also in the oxidation of numerous carbon derivatives, as 
it is very stable towards oxidants. 

The methods of forming acetic acid, which have any particular theoretical 
value, have already been discussed under the general methods for the production 
of fatty acids (p. 251) ; therefore they will be but briefly noticed here : 

(1) The oxidation of ethyl alcohol and acetaldehyde. 

(2) The reduction of hydroxyacetic acid or glycollic acid, CH8(OH).COjH, 
and the reduction of chlorinated acetic acids — e.g. trichloracetic acid, CCl,.COjH. 

Synthetically : (3) From methyl cyanide or acetonitrile. 

(4) From sodium methoxide and carbon monoxide. 

(5) From sodium methyl or magnesium methyl iodide and carbon dioxide. 

(6) From phosgene and zinc methyl. 

By decomposition : (7) By the oxidation of acetone and many mixed methyl 
ketones. 

(8) By the decomposition of many unsaturated acids of the oleic series when, 

fused with potassium hydroxide. / 

(9) From acetoacetic ester by means of alcoholic potassium hydroxide. 

(10) By heating malonic acid. 

Finally, a rather remarkable S3mthesis consists in allowing air and potassium 
hydroxide to act on acetylene in diffused daylight {Berthelot, 1870) : 

. CH=CH-fHj 0 + 0 =CH 3 .C 00 H. 

Historical. — At the close of the eighteenth century Lavoisier recognized the 
fact that air was necessary for the conversion of alcohol into acetic acid, and 
that its volume was correspondingly diminished during the process. In 1830 
Dumas converted the acid, by means of chlorine, into trichloracetic acid ; whilst 
the reconversion of the latter' into the parent acid, by potassium amalgam and 
water, was demonstrated by Melsens in 1842. But when, in 1843, Kolbe succeeded 
in producing trichloracetic acid (p. 287) from its elements, the first synthesis of 
acetic acid was accomplished. 

Acetic acid is produced (i) by the oxidation of ethyl alcohol and 
liquids containing this alcohol. It is customary, depending upon 
their origin, to distinguish wine vinegar, fruit vinegar, and malt vinegar, 

(i) The Quick-vinegar Process {Schutzenbach, 1823). — The acetic fermenta- 
tion of alcoholic liquids consists in the transference of the oxygen of the air 
to the alcohol (Pasteur). This is effected by the acetic ferment, the “ mother 
of vinegar,’* — Mycoderma acet%. Micrococcus aceti, oi Bacterium aceti* — the 
germs of which are always present in the air. In this process, by an enlarge- 
ment of the contact surface of the alcoholic liquid with the air, there ensues an 
accelerated oxidation Large wooden tubs are filled with shavings previously 
moistened with vinegar, upon which diluted (ten per cent.) alcoholic solutions^ 
are poured. The lower part of the tub, exposed in a warm room (25-30**), is 
provided with a sieve-like bottom, and all about it are holes permitting the 
entrance of air to the interior. The liquid collecting on the bottom is run through 
the same process two or three times, to ensure the conversion of all the alcohol 
into acetic acid. 


* Vorlesungen dber Bacterien von A. de Bary, 1887. Die Gahrungsehemie 

von Adolf Mayer, 1895. 
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(2) Wood Vinegor Prt)£«22.----Coiisid<Mible quantities of acetic acid are also 
obt^ed by the dry distillation of wood in can^ison retorts, a process already 
referred to when discussing methyl alck>hol (p. Z09). The aqueous distillate, 
consisting of acetic acid, wood spirit, acetone, and emp3^eumatic oils, is neutralised 
with soda, evaporated to dryness, and the residual sodium salt heated to 230- 
250**. In this manner, the greater portion of the various organic admixture 
is destroyed, sodium acetate remaining unaltered. The salt purified in this 
way is distilled with sulphuric acid, when acetic acid is set free and purified by 
further distillation over potassium chromate. 

Properties. — ^Anhydrous acetic acid at low temperatures consists of 
a leafy, crystalline mass — glacial acetic acid — ^which, on melting, forms 
a liquid of sharp and penetrating odour. It mixes with water in all 
proportions ; at first a contraction ensues, coni>equently the specific 
gravity increases until the composition of the solution corresponds with 
the hydrate, C2H4O2+H2O (=CH3.C(OH)3), 015=1*0754 (77-80 per 
cent.). On further dilution, the specific gravity becomes less, until a 
43 per cent, solution possesses about the same specific gravity as 
anhydrous acetic acid. Ordinary vinegar contains about 5 per cent, 
of acetic acid. Acetic acid is an excellent solvent for many carbon 
compounds. Even the halogen acids dissolve* readily in glacial acetic 
acid (B. 11, 1221). Pure acetic acid should not decolorize a drop of 
potassium permanganate solution. It may be detected by conversion 
into volatile acetic ether when heated with alcohol and sulphuric acid 
(p. 267), or by the formation of cacodyl oxide (p. 176). 

Acetates. — ^The acid combines with one equivalent of the bases, 
forming readily soluble, crystalline salts. It also forms basic salts 
with iron, aluminium, lead and copper ; these are sparingly soluble in 
water. The alkali skits have the additional property of combining 
with a molecule of acetic acid, yielding acid salts, such as C2H8O2K+ 
C2H4O2, acid potassium acetate. 

Potassium Acetate, CjHaOjK, deliquesces in the air and dissolves readily 
in alcohol. The acid salt, C,H,K0,.C,H40,, m p. 148®. crystallizes out in pearly 
leaflets. The salt, C^HjOjK+zCtH^O,, m.p. 112®, is decomposed at 170® into 
acetic acid and the neutral salt. 

Sodium Acetate, CjHjOjNa -hsH^O, crystallizes in large, rhombic prisms, 
which effloresce on exposure When heated, the anhydrous salt lemains un- 
changed at 310®. 

Ammonium Acetate, 0,11,0 1NH4, is a crystalline mass. Heat applied to 
the dry salt converts it into water and acetamide (C. 1903, I. 386). Calcium 
Acetate, (C,H, 0 |),Ca+H, 0 , and Barium Acetate, (CjHjOjjgBa+HjO, dissolve 
readily in water. 

Ferrous Acetate, (CtH,0,)jFe, readily oxidizes in aqueous solution to insoluble 
basic feme acetate. Feme Acetate, (C,H,03)4Fe4, is not crystallizablc. On 
boiling, basic ferric acetate is precipitated. Aluminium Acetate behaves similarly. 
Both salts are employed as mordants in dyeing, as they are capable of unitmg 
with the cotton fibre. The basic salts produced on the application of heat are 
capable of retaining dyes. 

Normal Lead Acetate, (CtHjOjjjPb+sHjO, is obtained by dissolving litharge 
in acetic acid. The salt forms brilliant four-sided prisms, which effloresce on 
exposure. It possesses a sweet taste (hence called Sugar of lead), and is poisonous. 
If an aqueous solution of lead acetate be boiled with litharge, basic lead acetates, 
of varying lead content, e g. CjHgOiPbOH and C|H, 0 ,Pb. 0 .Pb .0 Pb.CaHtOi, 
are produced. Tbese solutions react alkaline, and absorb carbon dioxide from 
the air, depositing basic carbonates of lead — white lead. 

Lead Tetra-aeetate, {CJAfi%)iPb^ is obtained when minium is dissolvad «n 

TOL. 1. « 
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hot glacial acetic acid. From the filtrate colourless monoclinic prisms separate ; 
m.p. 175® (B. 29 , R. 342; C. 1903. 1879). 

Copper Acetate, (CsHaOtltCu+HgO, is easily soluble in water. Basic copper 
salts occur in commerce under the name of verdigris. They are obtained by dis- 
solving copper strips in acetic acid in presence of air. The double salt of acetate 
and arsenite of copper is the so-ca{led Schweinfurt Green. 

Silver Acetate, C,HaO|Ag, separates in brilliant needles or leaflets. The salt 
is soluble in 98 parts water at 14^ C. 

The decompositions of the acetates have already been considered ; 
summarized they are : 

(1) Potassium acetate, when electrolyzed, yields ethane (p. 73). 

(2) Sodium acetate, heated with soda-lime, yields methane (p. 72). 

(3) Potassium acetate and arsenious oxide, on the application of 
heat, yield cacodylic oxide (p. 177). 

(4) Ammonium acetate loses water when heated, with the formation 
of acetamide (p. 277). 

(5) Calcium acetate is decomposed by heat into acetone (p. 190, 222). 

(6) Calcium acetate and calcium formats, heated together, yield 
aldehyde (p. 190). 

(7) Calcium acetate and the calcium salts of higher fatty acids 
when heated yield mixed methyl alkyl ketones (p. 190). 


PROPIONIC ACID. BUTYRIC ACIDS. VALERIC ACIDS 

The following table contains the melting points (B. 29 , R. 344), 
the boding points, and the specific gravities of the normal acids and 
their isomers : — 


Name. 


Propionic Acid, Methyl Ace- 
tic Acid 

n- Butyric Acid, Ethyl Acetic 
Acid . . .... 

Isobutyric Acid, Dimethyl 
Acetic Acid .... 
n- Valeric Acid, n-Propyl 
Acetic Acid .... 
Isovaleric Acid, Isopropyl 
Acetic Acid .... 

Methyl Ethyl Acetic Acid . 

Trimethyl Acetic Acid, 
Pivallic Acid .... 


Formula. 

M. P. 

B. P. 

Specific 

Gravity. 

CHjCH,— CO,H 


140® 

0*9920 (18®) 

CH,(CH,),CO,H 

— 

163'* i 

0 9587 (20®) 

CO.H 

—79® 

0 

VJ 

M 

0 9490 (20®) 

CH,(CH,),CO,H 

—59° 

180° 

0*9568 (0®) 

C,H,CH,— CO,H 

-51° 

174“ 

0*9470 (0®) 

CH|>CH-C0.H 

1 — 

175° 

0*9410 ( 2 I*) 

(CH,)gC.CO,H 

1 +35° 

163® 



Proplonle Methyl Acdlic Acid [Propane Acid], CH,.CH,.CO|H, may be 
prepared by the methods is general use in making fatty acids ; (i ) by the oxida- 
tion of n-prwyl alcohol and propyl aldehyde with chromic acid ; (2) by reduction 
of acrylic cLcia (p. 294) Propargylic acid (p. 303) ; (3) by reduction of lactic acid, 
CH,.CH(OH).CO,H, and glyceric acid, CH,OH.CHOH.CO,H; (4) (syntheHcaUy) 
from ethyl alcohol by its conversion, tl^ough ethyl iodide, into ethyl cyanide or 
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propionitrile ; (5) from sodium ethoxide and carbon monoxide ; (6) from sodium 
ethyl or magnesium ethyl bromide and carbon dioxide ; (7) (by decomposition) 
in the oxidation of methyl ethyl, methyl propyl and diethyl ketone; (8) by 
the action of alcoholic potassium hydroxide on methyl acetoacetic ester with 
the simultaneous production of ethyl methyl ketone ; (9) from methyl malonic 
acid or isosuccinic acid by the application of heat. 

Its formation from malate and lactate of calcium by fermentation is worthy 
of note (B. 12 ^ 479 ; 17 » 1190). Gottlieb first discovered propionic acid in 1847, 
when he fused sucrose with potassium hydroxide. Dumas gave the acid its 
name, derived from upwros, the first, vlwr, fat, because when treated in aqueous 
solution with calcium chloride it separated as an oil. It is the first acid which 
in its behaviour approaches the higher fatty acids. 

The barium salt, (CsHgOaljBa-l-HaO, crystallizes in rhombic prisms: silver 
salt, CaH50|Ag, dissolves sparingly in water. • 

Butyric Acids, C4H9O2. 

Two isomeric acids are possible : 

(1) Normal Butyric Acid, Ethyl Acetic Acid [Butane Acid], butyric 
acid of fermentation, occurs free and also as the glycerol ester in 
the vegetable and animal kingdoms, especially in the butter of cows 
(to the amount of about five per cent., together with glycerides of 
palmitic and oleic acids), in which Chevreul found it, in the course 
of his classic investigations upon the fats. It exists as hexyl ester in 
the oil of Heracleum giganteuni, and as octyl ester in Pastinaca saliva. 
It has been observed free in the perspiration and in the body fluids. 
It may be obtained by the usual methods employed for the prepara- 
tion of fatty acids, and is produced in the butyric fermentation of 
sugar, starch and lactic acid, and in the decay and oxidation of 
proteins. 

Ordinarily the acid is obtained by the fermentation of sugar or starch, induced 
by the previous addition of decaying substances, e.g. cheese, in the presence of 
calcium or zinc carbonate, which are intended to neutralize the acids as they form. 
According to FiU, the butyric fermentation of glycerol or starch is most advan- 
tageously evoked by the direct addition of schizomycetes, especially Bacillus 
subttlts and Bacillus boocopneus (Ti. 11 , 49, 53 ; 29 , 2726). 

But5nic acid is a jthick, rancid-smelling liqmd, which solidifies when 
cooled. It dissolves readily in water and alcohol, and may be thrown 
out of solution by salts. 

The calcium salt, (C4H,0,)*Ca-f-HjO (A. 213 , 67), yields brilliant leaflets, 
and is less soluble in hot than in cold water (in 3*5 parts at 15°) ; therefore the 
latter grows turbid on warming (B. 30 , 2956). 

(2) Isobutyrio Acid, Dimethyl Acetic Acid [Methylpropane Acid], 
(CH3)2.CH.C02H, is found free in St. John's Bread, the pod of the 
carob- or locust-tree, Ceratonia siliqua, as octyl ester in the oil of 
Pastinaca sativa, and as ethyl ester in croton oil. It is prepared 
according to the general methods (p. 251). Concentrated nitric acid 
converts it into dinitropropane (p. 155) ; ^and potassium perman- 
ganate oxidizes it to a-hydroxyisobutyric acid^ 

Isobutyric acid bears great similarity to normal butyric acid, but is not 
miscible with water. 

The calcium salt, (C4HfOa)iCa+5HtO, dissolves more readily in hot than 
in cold water. 
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yalerie Aeidi, CtHioOg. There are four possible isomers (comp, 
table, p. 258) : 

(1) Normal Valeric Acid, n-Propylaatie Acid [Pentane Add], CH,.(CH,),.> 
CO^H, is formed according to the usual methods (p. 251, et seq,). 

Ordinary valeric acid occurs free, and as esters in the animal and 
vegetable kingdoms, chiefly in the small valerian root {Valeriana 
officinalis), and in the root of Angelica Archangelica, from which it 
may be isolated by boiling with water or a soda solution. It is a 
mixture of isovaleric acid with the optically active methyl ethyl acetic 
acid, and is therefore also active. A similar artificial mixture may be 
obtained by oxidizing the amyl alcohol of fermentation (p. 120) with 
chromic acid mixture. Valeric acid combines with water and yields 
a hydrate, C5H10O2+H2O, soluble in 26*5 parts of water at 15®. 

(2) Isovaleric Acid, Isopropyl Acetic Acid [3-Methyl-butane Acid], 
(CH3)2.CH CH2.CO2H, may be synthetically obtained by some of the 
methods described on p. 252. It is an oily liquid with an odour re- 
sembling that of valerian. 

Potassium permanganate oxidizes isovaleric acid to jS-hydroxyisovaleric acid, 
(CH,),.C(0H).CHg.C02H. Concentrated nitric acid attacks, in addition, the CH- 
group. forming methyl hydroxysuccinic acid, fi-nitroisovaleric aetd, (CH3),.C(NO,).- 
CHj.COjH, and p~dinttro propane, (CH,)jC(NOj), (B. 16, 2324). (Comp, the 
behaviour of isobutyric acid. ) 

The isooalerates generally have a greasy feel. When thrown in small pieces 
upon water they have a rotary motion, dissolving at the same time ; barium salt, 
(CjH^OjjjBa; calcium salt, (C,H30,),Ca-|-3H,0, forms stable, readily soluble 
needles; Mine salt, (C,H,0,)jZn+2H|0, crystallizes in large, brilliant leaflets; 
when the solution is boiled a basic salt separates. 

PM * 

(3) Methyl Ethyl Acetic Add. [2-Methyl-butane Acid], ^™»>CH.CO,H. con- 
tains an asymmetric carbon atom, and, like its corresponding alcohol (p. 120), 
may exist in two optically active and one optically inactive modification. The 
optically inactive form has been synthesized, and has also been resolved by 
means of its brucine salts into its optically active components. The /-salt 
dissolves with difficulty. The specific rotatory power of the optically active 
methyl ethyl acetic acid is [o]^ =dbi7° 85' (B. 32, 1089). 

Ca/ciwm so//, (C5H,0,),Ca4-5H30. • 

An optically active methyl ethyl acetic acid is present in valerian and angelica 
roots together with isopropyl acetic acid, as already mentioned, and also in 
the products of oxidation of fermentation amyl alcohol (A. 204, 159). Pure 
if-methyl ethyl acetic acid is prepared by the oxidation of pure /-amyl alcohol 
(p. 120) (B. 37, 1043) ; and has been found in the break-down products of 
convolvulm (Vol. II.). 

(4) Trlmethyl Acetic Acid, Pivalic Acid, [Dimethyl-propane Acid], (CHs)^- 
C.COjH), is formed from tertiary butyl iodide, (CH,),CI (p. 134), by means of 
the cyanide ; also by the oxidation of pinacoline (p. 224). The acid is soluble in 
40 parts HjO at 20*=*, and has an odour resembling that of acetic acid. 

Barium s^*//, ^(C3H30,),Ba-f 5H3O ; calcium salt, (C3H303)3Ca-}-3H,0 (C. 
1898, I. 202). 


HJGHER FATTY A(ilDS 

The subjoined tabic contains the melting and boiling points of the 
higher fatty acids, beginning with those containing six carbon atoms. 
The boiling points enclosed in parentheses were determined under 
100 mm. pressure : 
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Name. 

Fonnula. 

M. P. 

B. P. 

n-Hexoic Acid, n-Caproic Acid . 

CH,.(CH*) 4 C 0 »H 

+8® 

205® 

Isobutyl Acetic Acid (B. 27 , 




R. 191) 

sec -Butyl Acetic Acid (B. 26 , 

(CH,),CH[CH,],CO,H 


198® 

R 931 ) 

(C,H,)(CH,)CHCH,CO,H 

— 

174“ 

Diethyl Acetic Acid . . . 

{;*h*>chco,h 


190® 

193® 

Methyl n-Propyl Acetic Acid 
Methyl Isopropyl Acetic Acid 


— 

191" 

Dimethyl Ethyl Acetic Acid 
n-Heptoic Acid, (Enanthylic 



187® 

Acid 

CH 3 (CH,),C 0 ,H 

— 10 5® 

223® 

Methyl n-Butyl Acetic Acid 

c:S:>chco.h 


210® 

Ethyl n-Propyl Acetic Acid 

^»y*>CHCO,H 

— 

209® 

Methyl Diethyl Acetic Acid 

1 (c.S:>cco.h' 

— 

208° 

n-Octoic Acid, Capryhc Acid 

CH,(CH,),CO,II 

165° 

237“ 

n-Nonoic Acid, Pelaif,onic Acid . 

CH,(CII,),CO,H 

12 5® 

254 

Capric Acid 

CH,(CHO,CO,H 

31 4 ** 

270“ 

n-Undecylic Acid 

CH,(CH,),CO,H 

28 5° 

{212 5*) 

Launc Acid 

CI 1 ,(( nj)„co,n 

43 5" 


n-Tndecylic Acid 


40 5® 

{*36*) 

n-Myristic Acid 

n-Pentadecatoic Acid (B 27 , 

Cn,{CH,)„CO,H 

53 - 8 *’ 

(220 3*) 

R IQl) .... 

( Ii,(f H,)„cOin 

51“ 

(260*’) 

Palmitic Acid .... 

C H,(CH,)„CO.H 

62® 

(278-5“) 

Margaiic Acul .... 

CH,(CH,)„C 0 ,H 

59 Q** 

(280 5«) 

Stearic Acid . . . 

C H a(CII j)i §CO gH 

69 2® 

( 29 I“) 

Di-n-octvl Acetic Acid . 

fCH3(CH,),]3CHCO,H 

38 5 " 

— 

Anichidir Acid 

f aell^oOa 

75 ** 

— 

Behtnic Acid . • . • . 

83** 

— 

Cerotic At id 

^ 24 ^ 69^9 or C37H54O1 

78® 

— 

Melissic Acid .... 


90® 



The normal fatty acids in the preceding list, having an even number 
of caibon atoms, occur almost exclusively in the natural oils and fats, 
which are chiefly glyceiidcs of these acids. Palmitic and stearic acids 
possess great technical importance. 

Criproic Acid, n-Hexotc Acid, CH3(CH2)4C02H, occurs in the 
form of its glycerol ester in cow's butter, goat butter, and in coconut 
oil. It is produced, together with butyric acid, in the butyric fermen- 
tation. 

(Enanthylio Acid, n-Heptoic Acid, CH8(CH2)6C02H, can easily be 
obtained as an oxidation product of ccnanthol (p. 201). 

Caprylio Acid, n-Octoic Acid, CH 3 (CH 2 )eC 02 H, occurs as its glycerol 
ester in goat butter and in many fats and oils ; also in the fusel-oil of 
wine. 

Pelargonlo Aold, n-Nonoic acid, CH,(CH,),CO,H. is present in the leavw of 
Pelargonium roseum, and is prepared by the oxidation of oleic acid and oil 
of rue (methyl n-aonyl ketone, p. 224). It may also be obtained by the fusion 
of undecylenic acid with potassium hydroxide. 
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Gaprle Acid, n-Decylic Acid, CHs(CHs)gCOaH, is present in butter, goat 
butter, in coconut oil and in many fats, and as its amyl ester in fusel oil. It is 
the first normal acid that is solid at the ordinary temperature. 

n-Undeoyllc Acid, CHa(CH2)9003H, is obtained by reduction of undecylenic 
acid from castor oil. 

Laurie Acid, n-Dodecylic Acid, CH3(CHj)iaCOaH, occurs as its glycerol ester 
in the fruit of laurels, Laurus nobilis, in coconut oil (C. 1904, 1 . 259), and in 
pichurim beans. It is found as its cetyl ester in spermaceti. 

Myristie Acid, n-Tetradecylic Acid, CH5.(CH2)iaC02H, occurs in muscat 
butter (from Myristica moschata), in spermaceti and coconut, in myristin 
(B. 18 , 2011 ; 19 , 1435), in earth-nuts (B. 22 , 1743), in ox-bile (B. 25 , 1829), 
and as free acid, as well as its methyl ester, in iris root (B. 26 , 2677). 

Palmitic Acid, n-Hexadecylic Acid, CH3(CH2)i4C02H. — ^The glycerol 
ester of this acid and that of stearic acid and oleic acid are the 
principal constituents of solid animal fats. Palmitic acid occurs 
in rather large quantities, partly uncombuicd, in palm oil. Sper- 
maceti is the cetyl ester of the acid, whilst the myricyl ester is the chief 
constituent of beeswax.- The acid is most advantageously obtained 
from olive oil, which consists almost exclusively of the glycerides of 
palmitic and oleic acids ; also, from Japan wax, a glyceride of 
palmitic acid (B. 21, 2265). The acid is artificially made by heating 
cetyl alcohol with soda lime to 270® ; also by fusing together oleic acid 
and potassium hydroxide. 

Margaric Acid, n~Ileptadecylic Acid, CHs(CH2)i5COaH, docs not apparently 
exist naturally in the fats (B. 88, 1247). It is made in the laboratory by 
boiling cetyl cyanide with potassium hydroxide. 

Stearic Acid, n-Octodecylic Acid, CH3(CH2)i6C02H, is associated 
with palmitic and oleic acids as a mixed glyceride in solid animal fats 
— the tallows. Its name is derived from crT€ap=tallow. 

Arachidic Acid, CH,(CH2)ieC02lI, occurs in earth-nut oil (from Arachis 
hypogaa). It has been obtainecl synthetically from acetoaed ic ester and octodecyl 
iodide (from stearyl aldehyde) (B. 17 , K. 570). For ^products derived from 
arachidic acid, see B. 29 , R. 852. Theobromic Acid, m.p. 72®, derived from 
cacao butter, appears to be identical with arachidic acid. 

Behenic Acid, 032114402, is found in the oil obtained from Moringa oletfera, 
and has been prepared by the reduction of iodobehcnic acid from erucic acid 
(B. 27 , K. 577 ; C. 1807, II. iioi). 

CerotiC Acid, CaaHgaOa or Ca 7 Ha 40 a (B- 30 , 1418), occurs together with 
melissic acid, in a free condition in beeswax, and may be extracted from this 
by means of boiling alcohol. As its ceryl e.ster, it is the chief constituent of Chinese 
wax (B. 30 , 1415). Its name is derived from cera—^zx. 

Melissic Acid, CaoHaaOa, m.p. 88 ^ is formed from myricyl alcohol (p. 12 1) 
when the latter is heated with soda-lime. It is a waxy substance, and appears 
to be a mixture of two acids. 

The acids mentioned in the table, but not described here, have been prepared 
by the usual synthetic methods. Some of them will be encountered later in 
the form of oxidation or reduction products of complicated, complex aliphatic 
derivatives. 


SYNTHESIS AND DECOMPOSITION OF THE FATTY ACIDS 

The synthetic methods for the production of the fatty acids are not all equally 
well adapted for this purpose. Thus, methods 5, 6, and 7 (p. 252) are restricted to 
the synthesis of the simplest members of the series. Reactioxis more satisfactory 
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than these, and especially fitted for the synthesis of the higher mono- and dialkyl 
acetic acids, are based on the behaviour of acetoacetic ester and malonic ester 
(methods ii and 13). However, trialkylacetic acids cannot be synthesized in 
this way. It is only the fourth method of formation — ^the synthesis of an acid 
cyanide from the iodide of an alcohol containing an atom less of carbon than 
the cyanide and the acid derived from it— that will lead to the synthesis of not 
only mono- and di-, but also of trialkyl acetic acids. The nitriles of the latter — 
e.g, of trimethyl acetic acid, dimethyl ethyl acetic acid, and diethyl methyl acetic 
acid — have been obtained from the iodides of the corresponding tertiary alcohols. 
The nitrile synthesis renders the formation of acids from alcohols possible, and 
inasmuch as acids can be reduced to aldehydes and alcohols by the fourth trans- 
position method (p. 255), the synthesis of these two •classes of bodies is made 
possible. Lieben, Rossi, and Janecek (A. 187 , 126), beginning with methyl 
alcohol, systematically prepared the normal acids and corresponding alcohols 
up to cenanthic acid, according to the following scheme : 

CHjOH ^ CH,I > CH3CN - - CH,CO,H " CH.CHO 

Methyl Alcohol. Methyl Iodide. Methyl Cyanide. Acetic Acid. Acetaldehyde. 


CHjOH 

(!:h. 

Ethyl Alcohol. 


CH,I CHjCN ^ CH,CO,H > CH,.CHO 

III I 

CH, CH, CH3 CHj 

Ethyl Iodide. Ethyl Cyanide. Propionic Acid. Propionic Aldehyde. 


The following reactions come into consideration in the breaking-down or 
decomposition ot the normal fatly acids : 

(1) The method of formation 9 (p. 253) of carboxylic acids: oxidation of 
mixed methyl n -alkyl ketones, in which the CO-group remains in combination 
witli the methyl group. 

(2) TIk reaction 10 (p. 255) of acid amides with bromine and potassium 
hydroxide. 

(3) The action of iodine on the silver salts. 

(4) The oxidation of the olefine carboxylic acids, produced by bromination 
and subsequent abstraction of HBr. 

(5) The heating of a-hydroxy-fattv acids, obtained from a-bromo- fatty acids, 
whereby the next lower aldehyde is obtained (comp. pp. 192, 193). 

I. The first of these reactions was employed systematically by F. Kvafft 
for the breaking-down of stearic acid into normal fatty acids of known con- 
stitution, from which it was concluded that stearic acid and the low'er homologues 
derived from it possessed normal constitution. Upon distilling barium stearate, 
(Ci7na5C02)2Ba, and barium acetate, (CH5CO,),Ba, heptadecyl methyl ketone, 
CiyHtsCOCH,, results. .When this is oxidized it breaks down into margaric 
acid, C,2H„C02H, and acetic acid. Barium margarate and barium acetate 
yield hexadecyl methyl ketone, CifHsa.CO.CH,, and this, by oxidation, passes into 
palmitic acid, C^aHjiCOaH, and acetic acid. etc. : 


Barium Stearate 

(:,.H„coo. 
C„H„COO>^^ 
Barium Margarate. 


(CHjCOaliBa 

C.aHajCOCH, ■ 


distil 


Ci.H„COCH, 


CrO. 

■ C„H„CO,H 

Margaric Acid. 

- C„H,xC02 H 
Palmitic Acid. 


2. A.W. Hofmann (B. 19 , 1433) discovered the second method, which will be 
treated more fully in connection with the acid amides and nitriles (pp. 15®# 274) ; 
here only the diagrammatic representation of the gourse of reaction need be 
given. When the acid amides are treated with bromine an^^ sodium hydroxide they 
lose the CO-group in the form of CO, and pass into the next lower primary amines, 
which, by further treatment with the same reagents, become converted into the 
nitrile of a carboxylic acid containing an atom less of carbon, and its amide is 
still capable of a like transformation. By this method the higher, more easily 
obtained, normal fatty acids can be changed into lower acids : 




TUdecyUmina. 




•Ci,H„CONH 

IkidtejUialdt. 
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3. Action of iodine on silver salts ; silver acetate yields, in addition to 
CO,, the acetic methyl ester ; silver capronate yields COs and caproic amyl 
ester (B. 26 « R. 581 ; 26 , R. 237) : 

aCHsCOa Ag + 1 , =CH,CO,CH, + 00 * + 2 Agl. 

4. Bromo-valeric acid, obtained from the fatty acid, gives up HBr to diethyl 
aniline or quinoline, becoming changed to ethyl acrylic acid. This olehne mono- 
carboxylic acid yields, on oxidation, propionic acid (C. 1899, 1. 778) : 

CH,CH*.CH*CH,.COOH ^ CH,CH,.CH=CHCOOH > CH,.CH*.COOH. 

Valeric Acid. Ethyl Acrylic Acid. Propionic Acid. 

5. a-Bromopclargonic*acid, from the simple acid, when boiled with aqueous 
potassium hydroxide, 3rields a<hydroxypelargonic acid, which gives octyl 
aldehyde on being heated to 260** : 

CH,[CH J,CH,COOH CH,[CH J^CHBrCOOH 

CH*[CH J,CH(OH)COOH ^ CH,[CH J*CHO. 


TECHNICAL APPLICATION OF THE FATS AND OILS 

Animal fats, especially mutton and beef-tallow, the nature of which 
was made clear by the classic researches of Chevreul in the beginning of 
last century, consist mainly of a mixture of glycerol esters of palmitic, 
stearic, and oleic acids, which are commonly called palmitin, stearin, 
and olein. They have been used in the preparation of artificial butter 
(margarine), in the manufacture of stearin candles, soaps, and plasters 
from the acid esters contained in them, and for the isolation of glycerol, 
which is used in part as such and in part in the form of nitroglycerine. 
Palm oil, coconut oil, and olive oil are also used as raw material. 

The so-called stearin of candles consists of a mixture of stearic and 
palmitic acids. For its preparation, beef-tallow and suet, both solid 
fats, are saponified with calcium hydroxide or sulphuric acid, with 
superheated steam, or by the action of ferments present in some seeds, 
such as castor-oil beans (B. 37 , 1436). The acids which separate are 
distilled with superheated steam. The yellow, semi-solid distillate, 
a mixture of stearic, palmitic, and oleic acids, is freed from the liquid 
oleic acid by pressing it between warm plates. The residual, solid 
mass is then melted together with some wax or paraffin, to prevent 
crystallization occurring when the mass is cold, and moulded into 
candles. 

When the fats are saponified by potassium or sodium hydroxide, 
salts of the fatty acids — soaps — ^are produced, c,g, sodium imitate, 
according to the equation : 

CH,O.CO(CH*)i4 .CH, CHi.OH 

iHO.CO(CH,),..g«,+3NaOH - iH.OH+3CH,(CH,),«CO,N». 

iH,o.co{CH,')„.cH, I:h,.oh 

Palmitin. Glycerols Sodium Palmitata. 

The sodium salts are solids and hard, whilst those of potassium are 

soft. Sodium chloride will convert potassium soaps into sodium soaps. 
In small quantities of water these salts of the alkalis dissolve com- 
pletely, but with an excess of water they suffer decomposition, some 
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alkali and fatty acid being liberated. This is the cause of the emulsifying 
action of soap, whereby it is enabled to take up fatty materials, and so 
exercise its detergent action (B. 29, 1328), The other metalUc salts 
of the fatty acids are sparingly soluble or insoluble in water, but gene- 
rally dissolve in alcohol. The lead salts, formed directly by boiling 
fats with litharge and water, constitute the so-called lead plaster. 

The natural fats almost invariably contain several fatty acids. To separate 
them, the acids are set free from their alkali salts by means of hydrochloric 
acid and then fractionally crystallized from alcohol. The higher, less soluble 
acids separate out first. The separation is moref complete if the acids be 
fractionally precipitated. The free acids are dissolved in alcohol, saturated 
with ammonium hydroxide, and an alcoholic solution of magnesium acetate 
added. The magnesium salt of the higher acid will separate out first ; this is 
then filtered off and the solution again precipitated with magnesium acetate. 
The acids obtained from the several fractions are subjected anew to the same 
treatment, until, by further fractionation, the melting point of the acid 
remains constant — an indication of purity. The melting point of a mixture 
of two fatty acids is usually lower than the melting points of both acids (the 
same is the case with alloys of the metals 

Lanoline. or wool fat. is used in medici] 


DERIVATIVES OF THE FATTY ACIDS 
I. ESTERS OF THE FATTY ACIDS 

The esters of organic acids resemble those of the mineral acids in 
all respects (p. 130), and are picpared by analogous methods. 

Methods of Formation. — (i) By direct action of acids and alcohols, 
whereby water is formed at the same time : 

C,H 5 . 0 H+C,Hj 0 . 0 H=CaH,. 0 .C,H, 0 +H, 0 . 

This reaction, as already stated, only takes place slowly (p. 131) ; heat hastens 
it, but it is never complete. A detailed investigation into the formation of 
esters, which is of iihportance to the study of chemical dynamics, was carried 
out by Berthelot. 

If equivalent quantities of alcohol and acid be mixed, after a certain time 
a state of equilibiium will prevail between alcohol, add, ester, and water ; if 
any further quantity of ester were formed it would be hydrolyzed back to alcohol 
and acid by the water. In the case of acetic acid and ethyl alcohol, for example, 
this point is reached when about two-thirds of the acid has been esterified. If, 
however, an excess of alcohol is added to the mixture, the point of equilibrium 
is shifted in the direction of increased ester formation, so that a mixture of one 
equivalent of acetic acid and eight equivalents of alcohol is only in equilibrium 
when 0*943 equivalent of ester have been formed. The course of such a reaction 
is directed by the Law of Mass Action, developed by Guldberg and Waage (186^), 
and by van 7 Hoff, which enunciates that the reaction between two bodies 
is dependent, not only on their affinity constant, but also on their relative cw- 
centrations, so that reactions between substances of slight affinity but in hub 
concentration may balance those of high affinity and little concentration. Equili- 
brium is defined by the equation : « 

where fii and fi| represent the two molecules resulting from the reacting molecules 
Ml and W|, Cj, C,, C't, C\ their relative concentrations, k the affinity constant 
for Ml and Mt iit the direction of reaction towards >Mi and and nf the affinity 
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constant of and m, towards and n,. K is the constant for the mixture of 
all four compounds — alcohol, acetic acid, ester, and water. A collection of the 
various calculations applicable to such reactions is found in B. 17 , 2177 ; 19 , 
1700. Menschutkin has investigated the ester formation of various homologous 
series of acids and alcohols (A. 195 , 334 ; 197 , 193 ; B. 15 , 1445, 1572 • 21 , 
R. 41). It was found that the normal primary alcohols possessed the same 
velocity of reaction except methyl alcohol, which showed an increased value. 
The secondary alcohols entered more slowly into combination, and the tertiary 
slowest of all. Among the acids, formic acid exceeded that of acetic acid, and 
this in turn the homologiies, in the initial velocity of esterification ; apart from 
this they showed a diminishing velocity with increasing molecular complexity. 
Acids in which a primary alkyl group was contiguous to a carboxylic group, had 
a greater velocity than when a secondary alkyl group occupied that position, 
which in turn was greater than when a tertiary group was substituted. 

It can be seen that the process of esterification is favoured, i.e. the position 
of equilibrium can be displaced in the direction of complete reaction, by the 
withdrawal of the ester as soon as it is formed, such as can occur if it is sufficiently 
volatile to be dl.'jlilled ofl. Further, the velocity of reaction, i.e. the time taken 
to reach equilibrium, can be greatly accelerated by the addition of mineral acids, 
such as hydrochloric, sulphuric, or other stronor acids, which act as catalyzers, 
as they do, for instance, in tjie inversion of sucrose, etc. (B. 39 , 71 1, etc.). 

The above account indicates the working conditions for the preparation of 
esters, (a) A mixture of acid or its salt, alcohol and sulphuric acid is distilled. 
(b) Or, in the case of esters of slight volatility, the acid or its salt is dissolved in 
excess of alcohol, or the alcohol in the acid, and gaseous HCl is passed into the 
mixture ; or else sulphuric acid is added, and the ester is throwm out by the addition 
of water. With many acids a very suitable esterifying agent is a dilute solution of 
hydrochloric or sulphuric acid in alcohol (B. 28 , 3201, 3215, 3252). In many 
cases it is advantageous to act on the carboxylic acid with an equivalent quantity 
of alcohol and an excess of sulphuric acid (C. 1905, I. 365). (Sec also Vol. II. : 
Esters of aromatic carboxylic acids.) 

The following are noteworthy methods of formation : 

(2) Double decomposition of the alkyl esters of mineral acids with 
salts of the organic acids : 

(а) By the action of the alkylogens on salts of the acids, e.g. 
iodoalkyls and silver salts : 

C,H5l+CH,COOAg-=CH,COOCjH5-HA^I. 

(б) By the dry distillation of a mixture of the alkali salts of the 
fatty acids and salts of alkyl sulphates : 

SO,<°^'***+CH,COOK=CH,COOC,H,+SO,<°^ 

(c) The methyl ester can be prepared from the sodium or potassium 
salt of the acid and dimethyl sulphate (B. 37 , 4144 : A. 340 , 244) : 

2CH 3COOK + (CH a) jSOa =2CH ,C 00 C' H » + KaSO,. 

(3fl) By the action of acid chlorides (p. 269) or acid anhydrides 
(p. 271) on the alcohols or alcoholates ; and by the action of anhydrides 
or acid chlorides on alcohols in the presence of tertiary bases such as 
pyridine (C 1901, II. 1223J : 

C aH ,OH + Cl 1 3COCI = CH aCOOC jH , + HCl. 

CiHaOH + lCHaCOjO^CHaCOOCaHa+CHaCOOH. 

In these reactions, it is sometimes more convenient to employ instead of the 
simple alcoholates, the halogen magnesium alcoholates ROMgX (prepared from 
alkyl magnesium halides and alcohols), on account of their solubility in ether 
(B. 89 , 1736). ^ 
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(3b) By the action of acid chlorides on alkyl ethers in the presence 
of zinc chloride, e.g. ethyl ether and acetyl chloride yield chloromethare 
and ethyl acetate (C. 1907, 1 . 1265). 

(4) Acid nitriles are converted directly into esters when they are 
dissolved in alcohol and are subjected to the passage of HCl gas, or are 
heated with a little dilute acid (p. 280). 

(5) Electro-syntheses of monocarboxylic esters (p. 253). 

Properties, — Usually, the esters of fatty acids are volatile, neutral 

liquids, soluble in alcohol and ether, but generally insoluble in water. 
Many of them possess an agreeable fruity odour, and are prepared in 
large quantities, as they find extended application as artificial fruit 
essences. Nearly all fruit-odours may be made by mixing the different 
esters. The esters of the higher fatty acids occur in the natural 
varieties of wax. 

Consult B. 14 , 1274 ; ,A. 218 , 337 ; 220, 290, 319 ; 223 , 247, upon 
the boiling points, the specific gravities and specific volumes of the 
fatty acid esters. » 

Reactions. — (i) When the esters are heated with water they undergo 
a partial decomposition into alcohol and acid. This decomposition 
{saponification) (p. 251) is more rapid and complete on heating with 
alkalis in alcoholic solution : 


C,H30.0CaIl5 + K0H-=C,Hs0.0K+C,H,.0H. 

Consult A. 228, 257, and 232, 103 ; B. 20, 1634, upon the velocity of saponifi- 
cation by various bases. 

(2) Ammonia changes the esters into amides (p. 275) : 

C,H,0.0C,H5+NH3-=Cjn30.NH,-hCaH5,0H. 

(3) The halogen acids convert the esters into acids and haloid-esters (A. 211, 
178); 

C,H,O.O.C,H,+lIl=C,H,O.OH+C,H,I. 

(4) By the action of PCI3 the substituted hydroxyl oxygen is replaced by 
chlorine, and both radicals are converted into halogen derivatives. Compare 
oxalic ester for the course of this reaction : 

C,H 3O.O.C3II6 + PCI3 =C,HaO.CH-C,H,Cl + POClj. 

(5) The esters, containing alcohol radicals with high molecular weight, break 
down, when heated or distilled under pressure, into fatty acids and olefines (p. 83). 

(6) Esters are reduced by sodium in absolute alcohol solution to the alcohol 
corresponding with the acid radical (C. 1905, 11. 1700) : 

CHs(CHa)4COOCaII, > CH3[CHa]4CHaOH. 

Esters of Acetic Acid. — The Methyl Ester, Methyl Acetate, CaHaOa.CHj, b.p, 
57*5®, I>o“®’9577. occurs in crude wood-spirit. When chlorine acts on it 
the alcohol radical is hrst substituted : CallsOa-CHaCl, b.p. 150® ; CaHaOa.CHCla, 
b.p. 148®. 

The Ethyl Ester, Ethyl Acetate, Acetic Ether, CaHaOa.CaH,, b.p. 77®, m.p. 
—82®, Dq =0*9238, is technically prepared from acetic acid, alcohol, and sulphuric 
acid, and constitutes the officinal /Ether aceticus. | It is the parent substance 
for the production of acetoacetic ester, CHj.CO.CHa.qOa.CaHj, a step in the 
formation of antipyrine. Chlorine produces substitution compounds of the 
alcohol radicals. 

n-Propyl Ester, b.p. loi® ; Isopropyl Ester, b.p. 91® ; n-Butyl Ester, b.p. 124* ; 
Isobutyl Ester, b.p. 116® ; sec.-Butyl Ester, b.p. in® ; terX. -Butyl Ester, b.p. 96® ; 
n-Amyl Ester, b.p. 148®; n-Propyl Methyl Carbinol Acetate, (CHaCHaCHajCHa.* 
CHO.COCHf, b,p^i33® ; Isopropyl Methyl Carbinol Acetate, b.p. 125®, ia decom- 
posed into amyleire and acetic acid at aoo®. 
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IsobiUyl Carbinol Acetate ; acetic ester of fermentation amyl alcohol, b.p. 140** 
in dilute alcoholic solution posessses the odour of pears and is employed as 
** pear oil.'* It is used also in the varnish industry. 

Acetic xxrHexyl Ester, b.p. 169-170**, occurs in the oil of Herackum giganteum, 
and possesses a fruit-like odour. Acetic nrOctyl Ester, b.p. 207^ is also present in 
the oil of Heracleum giganteum, and has the odour of oranges. 

Allyl Ester, b.p. 98-100°. 

For higher acetic esters, see A. 283, 260. 

Furthermore, the addition products of the aldehydes and acetic anhydride 
are the exetic esters (p. 195) of those glycols not capable of existing in a free 
condition. The aldehydes are probably the anhydrides of these bodies. 

Later, in the presentsd'ion of the polyhydric alcohols their acetic esters will 
always be described, for by their saponification a clue can be obtained as to 
the number of hydroxyl groups present in the alcohol. 

Esters of Propionle Acid. — The Methyl Ester, b.p. 79-5® ; Ethyl Ester, b.p. 
98 ‘S* ; Ti‘Propyl Ester, b.p. 122° ; Isobutyl Ester, b.p. 137® ; Isoamyl Ester, b.p. 
t6o®, has an odour like that of pine-apples (see A. 233, 253). 

Esters of n-Butyrlo Acid. — Methyl ester, b.p. 102*3°, odour like that of 

apples ; ethyl ester, b.p. 120*9°, has a pine-apple-like odour, and is employed in the 
manufacture of artificial rum. Its alcoholic solution is the artificial pine-apple oil, 
n-Propyl ester, b.p. 143° ; ^Isopropyl Ester, b.p. 128° ; Isohutyl Ester, b.p. 157° ; 
Isoamyl Ester, b.p. 178°, possesses an odonr resembling that of pears ; n-Hexyl 
Ester, b.p. 205 : and n-Octyl Ester, b.p. 244°, are found in the oil obtained from 
various species of Heracleum (see above) ; octyl ester occurs in Pastinaca sativa 
(A. 103, 193 ; 166, 80 ; 233, 272). 

Esters of Isobutyrlc Acid. — Methyl Isobutyric Ester, h.’p. 92- ; Ethyl Isobutyric 
Ester, b.p. no®; n-propyl ester, b.p. 135° (A. 218, 334). 

Esters of the Valeric Acids. — n-Valeric Ethyl Ester, b.p. 144® (A. 238, 274); 
i 90 -Valeric Ethyl Ester, b.p. 135®; iso-Valeric Isoamyl Ester, b.p. 194®. 

Methyl Ethyl Acetic Ethyl Ester, b.p. 133*5° (A. 195, 120) ; Trimethyl Acetic Ethyl 
Ester, b.p. 118° (A. 173, 372). 

Esters of the Hexoic Acids. — n-Ethyl Ester, b.p. 167® ; Isohutyl Acetic Ethyl 
Ester, b.p. 161°. 

n-Heptoic Ethyl Ester, b.p. 187-188° ; n-Octoic Ethyl Ester, b.p. 207-208® 
(A. 233, 282) ; n-Nonoic Ethyl Ester, b.p. 227-228° ; n-Capric Ethyl Ester, b.p. 
243-245® ; n-Capric Isoamyl Ester, b.p. 275-290° with decomposition, is the prin- 
cipal constituent of the fusel oil of wine. 

Laurie Ethyl Ester, b.p. 269° ; Myristic Ethyl Ester, m.p. lo-ii®, b.p. 295®. 


Spermaceti and the Waxes. 

Some of the esters with high molecular weights occur already 
formed in spermaceti and the waxes. This fact has been noted in 
connection with the corresponding alcohols and acids. The waxes 
are distinguished from the fats in that they consist of esters of mono* 
hydric alcohols with high molecular weight, whereas the fats are the 
esters of the trihydric alcohol, glycarol. Spermaceti belongs to the 
wax variety. 

I^rmaceti, Cetaceutn, occurs in the 'oil from peculiar cavities 
in the heads of whales (particularly PhyseUr macrocephalus), and 
upon standing and cooling it separates as a white crystalline 
mass, which can be purified by pressing and recrystallization from 
alcohol. It consists of Falmitio Cetyl Ester, CiqH 3 i 02 .Ci«H 38 , m.p. 
40*, which cr5retallizes from hot alcohol in waxy, shining needles 
or leaflets. It volatilizes undecomposed in a vacuum. Distilled 
under pressure, it yields hexaiecyUne and palmitic acid. When boiled 
.with alcoholic potassium hydroxide it gives palmitic^add and cetyl 
alcohol (p. 122). 
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Waxei*— Ordinary beeswoM, m.p. 6Z--64*, is a mixture of cerotic acid, CieHctOi 
or CifHfiOi, with Myrieyl Palmitate, Cx^HitOfCsoHci. Boiling alcohol extracts 
the cerotic acid and the ester, myvicin, remains (A. 224 , 225). 

Consult A. 235 , xo6, for other constituents of beeswax. 

CarnaVha wax, m.p. 83^, occurs in the leaves of the carnuba tree, and contains 
^ free ceryl alcohol and various acid esters (A. 223 , 283). 

Chinese Wax or Insect Wax is obtained by the Coccus ceriferus, Fabr.. from 
the Chinese ash, Fraxtnus chinensis. It consists mainly of Ceryl Cerotaie, 
C«H„0, C2«Hss* ni.p. 81^. It is decomposed into cerotic acid and ceryl alcohol 
by alcoholic potassium hydroxide. 


2 . ACID HALIDES, OR HALOID ANHYDRIDES (JF THE FATTY ACIDS 

The haloid anhydrides of the acids (or acid halides) are those 
derivatives which arise in the replacement of the hydroxyl of acids by 
lialogens ; they are tlie halogen compounds of the acid radicals. They 
have been termed haloid anhydrides, bcause they can be viewed 
as mixed anhydrides (p. 272) of the fatty acids and the halide acids, 
corresponding with the method ol formation (1) of the acid chlorides. 

Acid Chlorides. — (i) From fatty acids and hydrochloric acid, by 
means of P2O6 : 

CHa-COOH+HCl — — CHa.COCl+HjO. 

(2) By the action of hydrocldoric acid gas on a mixture of an 
acid nitrile and a carboxylic acid or an anhydride at 0®. The hydro- 
chloride of the acid amide is produced at the same time (B. 29 , R. 87) : 

CH3CN-fCH8COOH-f2HCl=-CH3CONHj.HCl+CH»COCl. 

(3) By the action of chlorine on aldehydes : 

CH,COH +C1 j =CHaCOCl -hHCl. 

(4) A far more important method of formation consists in acting 
with phosphorus halides on the acids or their salts — ^just as the 
alkylogens are produced from the alcohols (p. 132) : 

(а) CHjCOOH -fPClg =CH,COCl +POC1, + HCl 

(б) 3CH3COOH4-PCl*=3CHaCOCl+HaPOa 

(c) 2 CHaC 00 Na+P 0 Cl,= 2 CH,C 0 Cl-fNaP 03 +NaCl. 

Should there be an excess of the salt in the latter case, the acid will also act 
on it, producing acid anhydrides (p. 271). The action, particularly upon the 
salts, is very violent. 

(5) Carlin oxychloride (B. 17 , 1285 ; 21 , 1267) and thionyl chloride (C. 
1901. II. 527) react similarly to the phosphorus chlorides cm free acids and their 
salts ; as well as ^-toluene sulphochloride or sodium chlorosulphonatc, NaOSOfCl. 
on the salts (C. zgoi, II. 5x8 ; Z904, I. 65) when acid chlorides and anhydrides 
are formed : 

CjHaO.OH +COCl,==C,HaOCl +CO, 4-HCI 
CHaCOONa -f-NaOSOtCl =CHaCOCl + {NaO)aSOa. 

(6) Acid chlorides are also produced by the interac^on of phosgene and zinc 
alkyls (p. 252). 

Historical, — Liebig and Wbhler obtained the first acid chloride in r832, when 
they treated benzaldchyde, CaHaCOH, with chlorine. It was benzoyl chlofide, 
CaHaCOCl, the chloride of the simplest aromatic acid — benzoic acid. In X846. 
CahfyufS discovered the method of producing aromatic acid chlorides by the 
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action of phosphorus pentachloride on monocarboxylic acids. Acetyl chloride 
was first prepared in 1851 by GerharcU (A. 87 , 63) by treating sodium acetate 
with phosphorus oxychloride. 

Acid Bromides. — (1) The phosphorus bromides act like the corresponding 
chlorides on the fatty acids or their salts. A mixture of amorphous phosphorus 
and bromine may be employed as a substitute for the bromide itself. 

(2) An interesting method for preparing the bromides of brominated acetic 
acid consists in acting with air on certain bromide derivatives of ethylene, 
whereby oxygen is absorbed, and an intramolecular atomic rearrangement 
(p. 36) takes place (B. 13 , 1980 ; 21 , 3356, II. 702) : 

o 

unsym.-Dibromethylenc, CH,*=CBr, CHjBr.COBr, Bromacetyl Bromide. 

V O 

Tribromethylene, CHBr— CBr, > CHBr,.COBr, Dibromacetyl Bromide. 

Acid Iodides. — Phosphorus iodide does not convert the acids into iodides of 
the acid radicals ; this only occurs when the acid anhydrides are employed. 
They are also produced by the interaction of acid chlorides and calcium iodide. 

Acid Fluorides . — Acetyl Fluoride is a gas with an odour resembling that of 
phosgene. It is formed in tlic action of AgF or AsF, on acetyl chloride. 
A better procedure consists in allowing acid chlorides to act on anhydrous 
zinc fluoride. 

Propionyl Fluoride, CH,.CH,.COF. b.p. 44® (C. 1897, I. 1090). 


Properties and Reactions. — ^The acid halides are sharp-smelling 
liquids, which fume in the air. They are heavier than water, and at 
ordinary temperatures (i) decompose, forming carboxylic acids and 
halogen acids. The more readily soluble the resulting acid is in 
water, the more energetic will the reaction be. 

The acid chlorides act similarly on many other bodies. (2) They 
yield compound ethers, or esters, with llie alcohols or alcoholates 
(p. 26b). (3) With salts or acids they yield acid anhydrides (p. 271), 

and (4) with ammonia, the amides of the acids, etc. (p. 274). (5) Ter- 

tiary amines withdraw HCl from the acid chlorides, possibly the 
intermediate formation of ketones^ R2C=C0, which undergo further 
change. Acetyl chloride yields dehydracetic acid, C8Hg04 (q.v .) ; 
isobutyl chloride gives tetramethyl diketo-cyclo-bjitene [(CH3)2C.CO]2 
(Vol. 11 .) (B. 39 , 1631). 

(6). Sodium amiilgam, or better, sodium and oxalic acid (B. 2, 98), 
will convert the acid chlorides into aldehydes and alcohols (p. 
igr), which can be further reduced to primary alcohols (p. 104). 
(7) They yield ketones and tertiary alcohols when treated with the 
zinc alkyls (pp. 217 and 105). (8) By the action of silver cyanide 

they pass into the acid cyanides, which are described as the nitriles 
of the a-ketone carboxylic acids. (9) Di- and poly-carboxylic acids, 
having the power of forming anhydrides, are converted into their anhy- 
drides when treated with acid chlorides (especially acetyl chloride). 

Acetyl Chloride, Ethanoyl Chloride, CH3.CO.Cl, b.p. 55®, Do=i*i30 
is formed according to tl^e general methods applied in the production 
of acid chlorides, and, by carefully distilling a mixture of acetic acid 
(3 parts) and PCI3 (2 parts). Or, by heating POCls (2 molecules) 
with acetic acid (3 molecules), as long as HCl escapes, and then 
distiUing (A. 176 , 378). The acetyl chloride is purified by a second 
distillation, this time over a little dry sodium acetate. It is a 



CARBOXYLIC ACID ANHYDRIDES, ACYL OXIDES 271 

colourless, pungent-smelling liquid. Water decomposes it very 
energetically. For its reactions, consult the preceding paragraphs. 

Acetyl chloride forms chlorinated acetic acids (p. 287) with chlorine. 
Compare acetyl acetone. 


Acetyl Bromide, b.p. 8i®. Acetyl Iodide, b.p. io8*. Propionyl Chloride, 
CHa.CHjCOCl, b.p. 8o® ; bromide, b.p. 104® ; iodide, b.p. 127®. 

Butyryl Chloride, C4H7OCI, b.p. loi® (B. 84 , 4051). Aluminium chloride 
changes it to triethyl phloroglucinol (B. 27 , R. 507 ; n-bromide, b.p. 128® ; n- 
iodtde, b.p. 146®; Isobutyryl Chloride, (CH8)jCH.COCl, b.p. 92®, for reactions 
with tertiary amino bases, see p. 270 ; bromide, b.p. 116®. 

Valeryl Chloride, b.p. 107® ; Isovaleryl Chloride, C^HaOCl, b.p. 114*5® ; bro~ 
mide, b.p. 143® ; iodide, b.p. 168®. 

Trimethyl Acetic Chloride, (CH,),CCOCl, b.p. 105-106®; n-Caproyl Chloride, 
CH3(CH,)4C0C1, b.p. 146® ; Diethyl Acetyl Chloride, (CjH5)jCHCOCl, b.p. 135® ; 
Dimethyl Ethyl Acetic Chloride, (CH8)j(C,H,)C.COCl, b.p. 132®. 

Consult B. 17 , 1378 ; 19 , 2982 ; 28 , 2384, for the chlorides of the higher 
fatty acids. 

The boiling point of the normal acid chlorides shows an increase of 48® between 
each member of the series and its next but one higher member. This interval 
is made up of 28® between a chloride containing ai^ even number of carbon 
atoms and the next higher member, which, of course, contains an odd number, 
and 20® between this and the next higher which possesses an even number of 
carbon atoms (C. 1899, I. 968). 

With these acid chlorides or haloid anhydrides are connected the mixed 
anhydrides of a fatty acid with inorganic acids, such as nitric and nitrous acids, 
chromic acid, boric acid, aisenious acid. 

Diacetyl Orthomtric Acid, (CHjCOOjjN^OH),, b.p. 128®, 015=1*197, results 
when fuming nitric acid (D. = i*4) reacts with acetic anhydride, or glacial acetic 
acid with nitric acid. It is a colourless liquid, fuming in air, and decomposed 
by water into acetic and nitric acids. It possesses an oxidizing and nitrating 
action. Excess of acetic anhydride converts it into tetranitromethane, C(NOt)4 
(B. 35 , 2526 ; 86, 2225). 

Acetyl Nitrate, CHaCOO.NO,, b.p.,, 22°, is prepared from NjOg and acetic 
anhydride. It is a colourless mobile liquid, fuming in air, and explodes 
when rapidly heated. At 60® it evolves nitrous fumes and forms tetranitro* 
methane. With alcohol it forms a mixture of acetic and nitric esters which acts 
as a strong nitrating mixture for benzene derivatives (C. 1907, I. 1025). 

Acetyl Nitrite, CH,COO.NO, is obtained from silver acetate and NOCl, and 
forms an easily decomposed golden-yellow liquid (C. 1904* H- 5 ii)- 

Acetyl Chromaie, (CH5COO)CrOaH, results from mixing CrOj and glacial acetic 
acid (B. 36 , 2215). 

Tnacetyl Borate, m.p. 121®, is obtained trom BaO| and acetic anhydride. 
Alcohols produce from it boric ester, whilst carboxylic acids give rise to other 
mixed boric anhydrides, such as Tristearyl Borate, (CigHa50a)B, m.p. 71® (B. 86, 
2219). 

Acetyl Arsenite, m.p. 82®, b.p.u 165-170®, is formed from AsgO, and acetic 
anhydride (C. 1906, 1 . 21). 


3. CARBOXYLIC ACID ANHYDRIDES, ACYL OXIDES 

The acid anhydrides are the oxides of the ajcid radicals. In those 
of the monobasic acids two acid radicals are united by an oxygen 
atom ; they are analogous to the oxides of the univalent alcohol 
rascals — the ethers. 

The simple anhydrides, those containing two similar radicals, can usually 
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be distilled, whilst the mixed anhydrides, with two dissimilar radicals, decompose 
when heated, into two simple anhydrides : 


2 


CjHaOv 

C.H.O- 



Hence they cannot be separated fronf the product of the reaction by distillation, 
but have to be dissolved out with ether. 

Formyl acetyl oxide, HCO.O.COCH,, however, can be volatilized unchanged 
under reduced pressure. 


Methods of Fonnation. — (la) The chlorides of the acid radical 
are allowed to act on anhydrous salts, such as the alkali salts of the 
acids : 

C,H,OOK+C,H,OCl — 

(ih) The anhydrides of the higher fatty acids can also be produced by the 
action of acetyl chloride (B. 10, i88i) (A. 226, 12 ; C. 1899, I. 1070) on the 
free acids ; in the latter case mixed anhydrides are also obtained. The action 
of the chloride on the free carboxylic acids is assisted by the presence of a tertiary 
base, such as pyridine, quinoline, or triethylaraine, which takes up the hydro- 
chloric acid set free during reaction (B. 34, 2070 ; C. 1901, II. 543). 

(2) Phosphorus oxychloride (i molecule) acts on the dry alkali 
salts of the acids (4 molecules). The acid chloride, which is also 
produced, reacts immediately on its formation with the excess of 
salt : 

I Phase : 2C,H80.0K4-P0Cl,=2C,Hj0.Cl4-KP0,+KCl 

II Phase: CjHa0.0K-fC,H,0.Cl = (C2Ha0)80 + KCl. 

(3) Phosgene, COCls, acts like POCla. In this reaction acid chlorides are also 
produced (p. 269). 

(4) A direct conversion of the acid chlorides into the corresponding anhydrides 
may be effected by reacting with the former on anyhdrous oxalic acid (A. 
226, 14) : 

zCaHaOCl+CaO^H. = (C,HaO)aO -h2HCl +00, -fCO. 

Historical, — Charles Gerhardi (1851) discovered the acid anhydrides. The 
important bearing of this discovery upon the type theory has already been alluded 
to in the Introduction. 

Properties and Reactions. — ^The acid anhydrides are liquids or 
solids of neutral reaction, and are soluble in ether. Their boiling 
points are higher than those of the corresponding acids, (i) Water 
decomposes them into their constituent acids : 

(CH,C0 )j 0+H,0*2CH,C00H. 

(2) With alcohols they 3neld the esters (C. 1906, II. 1043) : 

(CH,C0),0+C,H,0H-iCH,C00C,H,+CH,C00H. 

(3) Ammonia and primary and secondary amines convert them 
into amides and ammonium salts : 

(CH,CC'),0+2 NH,-iCH,CONH,+CH,COONH 4. 

(4) Heated with hydrochloric acid, hydrobromic and hydriodic 
acids, they decompose into an add halide and free acid : 

(CH,C0),O+HCl»CH,COCl+CH,C00H, 
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(5) Chlorine splits them up into acid chlorides and chlorinated adds : 

(CH,C0),0+C1.-CH,C0C1+C1CH,C00H. 

(6) Sodium amalgam changes the anhydrides to aldehydes and 
primary alcohols. 

(7) Aldehydes and acid anhydrides combine to form esters. 

Simple Anhydrides. — Acetic Anhydride [Ethane Acid Anhydride], 

(CaHsO)^©. b.p. 137°. Do= 1-073, is a mobile, pungent-smelling liquid. 

It is prepared by distillation of a mixture of anhydrous sodium acetate (three 
parts) and POCls (one part) ; or of the product of reaction of equal parts of 
acetyl chloride and sodium acetate. The anhydride Cefn then be dissolved unde- 
composed in about ten parts of cold water, and in this form may be used for 
acetylating amino-hases in aqueous solution (C. 1905* H- 466 ; 1906, II. 1042). 

Propionic Anhydride, (C3Hb), 0. b.p. 168®. Butyric Anhydride, b.p. iqq*. 
Isohutyric Anhydride, b.p. 181*5°. JirCaproic Anhydride, b.p. 242°, with decom- 
position. (Enanthic Anhydride, m.p. 17°, b.p.i, 164°. n-Oetylic Anhydride, m.p. 
— I®, b.p.i, 186°. Pelargonic Anhydride, m.p. 16®, b.p.^^ 207®. Palmitic An- 
hydride, m.p. 64®. Stearic Anhydride, m.p. 71-77® (C. 1899, 1 . 1070 ; B. 88« 3576). 

$ 

MIXED ANHYDRIDES 

Acetyl Formyl Oxide, HCO.O.COCHa, b.p.ig 29®, is prepared by mixing formic 
acid and acetic anhydride in the cold, a reaction uhich can be employed for the 
formation of higher homologues. At ordinary pressures it boils with partial 
decomposition. Quinoline liberates CO, and alcohols form formyl esters {Bihal, 
C. 1900, II. 750). For other mixed anhydrides, see B. 34 , 168. 

4. ACID PEROXIDES 

The peroxides of the acid radicals are prepared by heating the chlorides or 
anhydrides in ethereal solution with barium peroxide {Brodie, Pogg. Ann., 121 , 382), 
or by the action of the ice-cold chloride on sodium peroxide hydrate (B. 88, 
1043). Also, by the addition of pure hydrogen peroxide to acetic anhydrides 
(A. 298 , 288) : 

(C,H30)a0 + BaO* = (C,H 3O) , 0 * -f BaO. 

Diacetyl Peroxide, m.p. 30®, b.p.,i 63®, possesses a sharp odour like ozone. It 
is insoluble in water, but easily soluble in alcohol and ether. It is very unstable 
and acts as a strong oxidizing agent, liberating iodine from a KI solution, and 
decolorizing a solution of indigo. Sunlight decomposes it, and it explodes 
violently on heating. Water hydrolyzes it into acetic acid and Acetyl Peroxide, 
CHjCOOOn, which has not been isolated. Barium hydroxide solution decomposes 
it, forming barium acetate and barium peroxide. Propionic Peroxide, (C^HbOIsO,, 
is obtained from propionic anhydride and BaO^ : it is a liquid (C. 1903, I. 938). 


5. THIO-ACIDS 


By the replacement of oxygen in a monocarboxylic acid by sulphur three 
results are possible : 


1. R'.CO.SH. Thio-acids, Carbothiolic acids. 

2. R'.CS.OH Thionic Acids. Carbolthionic acids (comp. Thiamides) 

3. R'.CS.SH Dithionic Acids, Carbithionic acids. 


a. Thio-acids. — The first thio-acid — thiacetic acid, «CH,. COSH, — was obtained 
by KehuU (A. 90 , 309) when phosphorus pentasulphid'® acted on acetic acid. 
In its preparation it is advisable to mix the PjS, with half its weight of coarse 
fragments of glass : 

SCjHaO.OH + PaS.=5CiHaO.SH H-PaO,. 


The thio-anhydrides arise in the same manner by the action of phosphorus 
sulphide on the acid anhydrides. The thio-acids are produced by the action 

VOL. I. * T 
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of acftl chlorides on potassium hydrogen si^hide, or from phenyl esters and 
NaSH in alcoholic solution (C. 190^, I. 816). The disagreeably-smellmg thio-acids 
correspond with the thio-alcohols or mercaptans (p. 142), their sulphanhydrides 
with the acid anhydrides and the simple sulphides, and their disulphides with the 
peroxides and alkyl disulphides : 

CHgCHaSH CH.COSH CHjCO.H 

Ethyl Mercaptan. Thlacetic Add. Acetic Add. 

(CH,CHj),S (CH,CO),S (CHaC 0),0 

Ethyl Sulphide. Thlacetic Anhydride. Acetic Anhydride. 

(CH,CH,),S, (CHsCOIjS, (CH,CO)aO, 

Ethyl Disulphide. Acetyl Disulphide. Acetyl Peroxide. 

The esters are obtained when the alkylogens react with the salts of the thio- 
acids, and the acid chlorides with the mercaptans or mercaptides. 

They also appear in the decomposition of alkyl isothioacetanilides with dilute 
hydrochloric acid : 


CH,.C<^-^*^»+H,0-CHg.CO.S.C,H,+NH,.C,H,. 


Ethyl Isothioacetaniu 


Thioacetic Ester. 


Concentrated potassium hydroxide decomposes the esters into fatty acids and 
mercaptans. 

Thlacetic Add, Methyl tarbothiolic Acid, CH,COSH, b.p. 93^ Djob 1*074, is a 
colourless liquid. Its odour resembles those of acetic acid and hydrogen sulphide. 
It dissolves with difficulty in water, but readily in alcohol and in ether. This acid 
has been recommended as a very convenient substitute for hydrogen sulphide 
in analytical operations (C. 1901, I. 1148), and is a suitable reagent for acetylat- 
ing amines (B. 35 , 110). The lead salt, (CaH,O.S),Pb, crystallizes in minute 
needles, and readily decomposes with the formation of lead sulphide (C. 1897, 1 . 
1090; II. 770). Ethyl ester, CjHjO.S.CjH,, b.p. 115®. 

When thiacetic acid is heated with zinc chloride, there is formed Tetraethenyl 
Hexasulphtde, (CH8C),Se. m.p. 224* (B, 36 , 204). On the fonnation of Thio- 
propionic Acid, Ethyl Carbothiolic Acid, CaH|COSH, from ethyl magnesium 
bromide and carbon oxy sulphide, see B. 36 , 1099. 

Acetyl Sulphide, (C*HaO)aS, b.p. 157®, is a heavy, yellow oil, insoluble in 
water. Water gradually decomposes it into acetic and thiacetic acids (B. 24 , 
3548, 4251). 

Acetyl Disulphide, (C2HsO)8Sa, is formed when acetyl chloride acts on 
potassium disulphide, or iodine on the salts of the thio-acid. 

b. Dlthlonle Acids. — Just as carboxylic acids result from the treatment of acetyl 
magnesium halides with CO2, so the doubly sulphur-substituted carboxylic acids, 
dithionic acids, are prepared by the action of CS2 on the alkyl magnesium halides : 

CH,MgI+0^ >■ >■ CH,C^**. 


They are reddish-yellow oils, of an offensive odour, which can be distilled 
without decomposition. They are strong acids, easily oxidized in the air to 
solid, stable, yellow disulphides, RCSS.SCSR. 

Methyl Dlthlonle Acid, CHaCS.H, b.p.,8 37®, i -24, is prepared from methyl 
magnesium iodide and CS,. It is a reddish-yellow oil, of an exceedingly pene- 
trating and repulsive odour ; it dissolves with difficulty in water, but easily in 
organic solvents. Ethyl Dithionic acid, C2H5CS2H, b.p ,7 48®. Propyl Dithionic 
acid, b.p. 1 s 59^- Isohutyl Dithionic acid, b.p. ,2 84®. Isoamyl Dithionic acid, b.p.j^ 
84® (B. 40 , 1725.) 


^ 6 . ACID AMIDES 

These correspond with the amines of the alcohol radicals. The 
hydrogen of ammonia can be replaced by acid radicals, forming primary, 
secondary and tertiary acid amides : 

CHjCO.NHt (CH,CO),NH (CH,CO),N 

AoeUmidt (pdnaiy). DiaoeUmide (saoeodtry). TrtoUmide (tertiary). 
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The primary acid amides have as i^mers, the imido-ethers (p. 281 ) of the 
lormula benzamide (Vol. II.) is ascribed, not only the formula 

t but also since the silver salt and iodoethane give 

benzimido-ethyl ether, The sodium salt is the only one which, 

on reacting with iodoethane, gives a benzamide in which the imide group is 
ethylated. This is taken as evidence that the metal is most probably united to 
the nitrogen atom according to the iso>imido formula. But as little can be 
deduced of the constitution of benzamide from a study of its salts as of that of 
acetoacetic ester, the nitroparaffins and similar compounds. 

The hydrogen of primary and secondary amines, like that of 
ammonia, can be replaced by acid residues, giving rise to mixed 
amides. 

General Methods of Formation. — (i) By the dry distillation of the 
ammonium salts of the acids of this series. A more abundant yield 
is obtained by merely heating the ammonium salts to about 230® 
(B. 15, 979), {Kiindig, 1858). (This method was first applied (1830) 
by Dumas to ammonium oxalate with the production of oxamide) : 

CH,CO.ONH4=CH,CONHg+H.O. 

Ammonium Acetate. Acetamide. 

A mixture of the sodium salts and ammonium chloride may be substituted for 
the ammonium salts. Consult B. 17, 848 , upon the velocity and limit of the amide 
production 

{2) By the action of ammonia, pnmary and secondary amines on 
the esters whereby Liebig, in 1834, obtained oxamide from oxalic 
ester: 

CH,CO.O.C,H, fNH,=CH,CO.NH,+C,H,.OH 
Acetamide. 

CH,CO.O.C.H,+C*H,.NH,=CH,CONHC,H,+C,H..OH. 

Ethyl Acetamide. 

This reaction takes place in the cold, particularly in the case of water-soluble 
esters; or the ester may be heated with an aqueous or alcoholic solution of 
ammonia. 

It is one of the so-called reversible reactions, inasmuch as the action of alcohols 
on acid amides again produces esters and ammonia (B. 22, 24 ). 


(3) By the action («) of add halides, (b) of acid anhydrides on 
ammonia, primary and secondary alkylamines. This was the method 
which Liebig and Wohler first used in 1832 to prepare benzamide from 
benzoyl chloride. 


CH,C0C1+2NH,=CH,C0NH,+NH«C1 

Acetamide. 

CH,COCl + 2 NH,C,H, =CH ,C0NH C,H, +N(C,H,)H,C1 

Ethyl Acetamide. 

CH,COCl-|-2NH(CgH,)g=CH,CON(CgHg),-f.N(C,H,)gH,Cl 
Diethyl Acetamidei 

This method is especially well adapted for obtaining the amides of 
the higher fatty acids (B. 16, 1728) : 


(36) 


(CH,C0),0+2NH,: 
(CH,C0),0 + 2 NH,C,H, 


.CH,CONH, +CH,.C0,NH4 
=CH,CONHC,H.+CH,CO,NH,C,H,. 
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(4) * By the addition of one molecule of water to the nittileh of the 
acids (p. 278) : 

CH,CN+H ,0 (i8o»)-CH,CONH,. 

Acetonitrile. Acetamide. 

This addition of water frequently occurs in the cold by the action of concen- 
trated hydrochloric acid, or by mixing the nitrile with glacial acetic acid and 
concentrated sulphuric acid (B. 10 , io6i). Hydrogen peroxide in alkaline 
solution also converts the nitriles, with liberation of oxygen, into amides (B. 18 , 
355). For the action of hydrochloric acid on a mixture of nitrile and fatty 
acid see (2), formation of acid chlorides. 

(5) By the distillation of the fatty acids with potassium thiocyanate : 

2 C*H, 0 . 0 H- 1 ^KSNC=C,H, 0 .NH,+C,H, 0 . 0 K+C 0 S. 

Simply heating the mixture is more practical (B. 15 , 978 ; 16 , 2291). 
In making acetamide, glacial acetic acid and ammonium thiocyanate are heated 
together for several days. By this reaction the aromatic acids yield nitriles. 

(6) By the interaction of fatty acids and carbylamines (p. 247) : 

2CH,C00H +C:N.CH8 =HC0NHCH, H- (CHjCO)*©. 

Methyl Formamirie* 

(7) By the action of the^ fatty acids on isocy'inic acid esters {q.v .) : 

CHjCOOH +CON.C8H8 =CH3.CONHC.H8 +CO^. 

Secondary and tertiary amides are obtained (i) by heating primary acid amides 
(B. 23 , 2394), alkyl cyanides or nitriles with acids, or acid anhydrides, to 200**. 

CHaC0NH8 + (CH8C0),0 = (CHsC0)aNH+CHaC00H 

CH aCN + CH ,COOH = (^H >00 ) jNH 

Diacetamide. 

CHjCN + (CHaCOjaO = (CHjCOl.N. 

Triacetamide. 

Diacetamide is also prepared by the action of acetyl chloride on acetamide in 
solution in benzene (C. 1901, I. 678). 

(2) The secondary amides can also be prepared by heating primary amides 
with dry hydrogen chloride : 

2C,H,ONH,+Ha = (C8H30)jNH+NH4CL 

Diacetamide. 

(3) Mixed amides are further produced by the action of esters of isocyanic 
acid on acid anhydrides : 

(CiHa 0 ), 0 +C 0 :N.C,H,=(C 2 H 80 ) 3 N.C 3 H 5 +C 08 . 

Ethyl Diacetamide. 

Properties and Reactions, — The amides of the fatty acids are usually 
solid, crystalline bodies, soluble in both alcohol and ether. The 
lower members are also soluble in water, and can be distilled without 
decomposition. As they contain the basic amido-group they are 
able to unite directly with acids, forming salt-like derivatives, e,g. 
C2H3ONH2.HNO3 and (CH3C0NH2)2-HC1, but these are not very 
stable, because the basic character of the amido-group has become 
greatly weakened by the acid radical. Furthermore, the acid radical 
impartstotheNHo-groupthepowerof exchanging a hydrogen atom for 
metals, such as mercury or sodium (B. 23 , 3037 ; C. 1902, II. 787), 
forming metallic derivatives, e,g. (CH3.CO.NH)2.Hg — ^mercury aceta- 
mide, analogous to tHe isocyanates (from isocyanic acid, HN:C 0 ), and 
the salts of the imides of dibasic acids. 

The union of the amido-group with the CO-group of the acid radical 
is very feeble in comparison with its union with the alkyls in the 
.amines. The acid amides, therefore, readily absorb water and pass 
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into ammonium salts, or acids and ammonia, (z) Heating with water 
effects this, although it is more easily accomplished by boiling with 
alkalis or acids. This is a reaction which is not infrequently termed 
saponification (p. 251), though hydrolysis is, perhaps, preferable. 

CH,C0.NH8+H*0=CH,C0.0H+NH,. 

(2) Nitrous acid decomposes the primary amides similarly to the 
primary amines (p. 163) : 

C,H,0.NH,+HN0a=C,H,0.0H+N,+H,0. 

Acid amides, which saponify with difi&culty, may dissolved in sulphuric acid, 
to which sodium nitrite is added in the cold (B. 28, 2783). 

(3) Bromine in alkaline solution changes the primary amides to 
bromamidcs (B. 15 , 407 and 752) : 

CjH80.NHaH-Br,=C,Hs0.NHBr-|-HBr, 

which then form amines (p. 159). (4) On heating with phosphorus 

pentoxide or chloride, they part with one molecule of water and become 
converted into nitriles (cyanides of the alcohol radicals) : 

CHs.C 0.NH8=CH,.CN+H80. 

In this action a replacement of an oxygen atom by two chlorine atoms takes 
place ; the resulting chlorides, like CHs.CClg.NHa, then lose, upon further heating, 
two molecules of HCl with the formation of nitriles. 


Formamide, H.CONH2. See p. 238. 

Acetamide [Ethanamide], CH3CO.NH2, m.p, 82®, b.p. 222®, crystal- 
lizes in long needles. It dissolves with ease in water and alcohol. In 
explaining the methods of producing the amides, and in illustrating 
their behaviour, acetamide was presented as the example. Dumas, 
Leblanc, and Malaguti first prepared it in 1847, allowing ammonia 
to act on acetic ester. For the preparation of acetamide from 
ammonium acetate, , sec C. 1906, I. 1089. 

Acetomethylamide, CHa-CONHCHg, m.p. 28®, b.p. 206® ; Acetodimethylamide, 
CH8.CO.N(Cf£3)a, b.p. i 6 ys^ > Acetethylamide, b.p. 205° ; Aceiodiethylamide, b.p 
185-186®. Methylene Diacetamide, CHa(NHCOCH8)2, m.p. 196®, b.p. 288® 
(B. 25, 310). Chloralacetamide, CCl,CH(OH)NHCOCH„ m.p. 117® (B. 10, i68). 
Acetamide and butyl chloral yield two isomeric compounds, m.p. 158® and 170® 
respectively (B. 25, 1690). 

Diaoetamlde, (CjHaOjtNH, m.p. 77® ; b.p. 222*5-223*5® is readily soluble in 
water. (Preparation, p. 276.) 

Methyl Diacetamide, (Cll8CO)2N.CIls, b.p. 192®. Ethyl Diacetamidc, b.p. 185- 
192®. 

Trlacetamlde, (CjHaOlsN, m.p. 7S-79®. (Preparation, p. 276.) 

Acetochlor amide, CHaCONHCl, m.p. no®. 

Acetobromamide, CHjCONHBr-fHtO, forms large plates, and melts in an anhy- 
drous condition at 108® (B. 15, 410). The production of acetochloramylami^ 
CHjCO.NClCjNji, from hypochlorous acid and acct«-amylamidc, and from acetic 
anhydride and chloramylamine in glacial acetic acid (B. 34, 1613), is taken as a 
demonstration that in such compounds the halogen atom is joined to the nitrogen 
atom. 

Higher homologous primary Acid Amides : 

Propionamtde, m.p. 75®, b.p. 210®. 

UrButyramide, m.p. 115®, b.p. 216®. Isobutyramide, m.p. 128®, b.p. ax6-a30*, 

n-Fa/sramtd#,im.p. xx4-zz6^ 
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Trimethyl Aettamide, m.p. 153-1 n-Capronamide, m.p. loo*, 
b.p. 225® ; Methyl n-Propylacetamide, m.p. 95® ; Methyl Isopropylaceiamide, 
m.p. 129®; Isobutyl Acetamide, m.p. 120®; Diethyl Acetamide, m.p. 105®, b.p. 
230-235®; CEnanthamide, m.p. 95®, b.p. 1^50-258®; n~Caprylamine, m.p. 105-106®; 
Pelargonamide, m.p. 92-93®.’ n~Caprinam%de, m.p. 98®. 

Lauramide, m.p. 102®, b.p.i,.f 199-200®; Tridecylamide, m.p. 98 ’ 5 *I 
Myristamide, m.p. 102®. b.p.u 217®; Palmitamide, m.p. 106®, b.p.,, 235-236®; 
Stearamide, m.p. 108-5-109®. b.p.,, 250-251® (B. 16 , 977 . 17^9 ; 1 ®. 1433 *. 24 , 
2781 ; 26 , 2840). 


ff, ACID HYDRAZIDES 

The mono-acyl hydrazides (C. 1902. 1 . 21) are obtained by the interaction of 
hydrazine and the acid esters, whilst the sym.-diacyl hydrazides are prepared 
from hydrazine and the acid anhydrides (B. 34 , 187). The latter-named bodies 
can also be obtained by beating; monoacyl hydrazines and treating the product 
with iodine. Sym.-diacetohydrazidc. heated with acetic anhydride, yields tri- 
acetohydrazide and tetra-acetohydrazide (B. 32 , 796)^. 

The mono-acyl hydrazides condense with aid 'hydes and ketones with the 
production of water. The ^ym.-diacyl hydrazines react with zinc chloride or 
phosphorus pentoxide to form dialkyl pyrrodiazoles ; with alcoholic ammonia, 
yielding dialkyl pyrrodiazoles ; and with phosphorus pentoxide. forming dialkyl 
thiodiazoles. (B. 32 . 797). 

Acetohydraeine, CH,CONH.NH„ m.p. 62®. AcetohenzaXhydrazine, CH,CO.- 
NH.N.'CH.CgHg. m.p. 134*; sym.-Diacetohydrazine, m.p. 138®; b.p.,, 209®. 
Triacetohydrazine, b.p.,, i8i®, Tetra-acetohydrazine, m.p. 85®, b.p.i^ 141®. 


8 . ACID AZIDES 

Although the acid azides show a great chemical similarity to the acid halides 
(p. 269). they are best examined together with tlio acid hydrazides. on account 
of their generic connections. They are formed by the action of monoacyl hydra- 
zine hydrochlorides on alkali nitrites. 

Propionyl Aztde, CHs.CHg.CON,. is a volatile colourless liquid, of pungent 
odour ; with alcohol it forms ethyl urethane (C. 1902. 1 . 22). 


9. THE FATTY ACID NITRILES OR ALKYL CYANIDES 

These are compounds in which one carbon atom, combined with an 
alkyl group R'.C= — a residue present in every fatty acid — ^replaces the 
three hydrogen atoms of ammonia, e.g. CH3C=N, acetonitnle. It is 
true that in the niirile bases (tertiary amines and amides) the nitrogen 
atom is also joined with three valences to carbon, but three alkyl 
residues are in union with three different carbon atoms. 

The acid nitriles are also called al/^l cyanides, because they may be 
considered as being alkyl ethers of hydrogen cyanide, H.C=N. 

Being intermediate steps in the synthesis of the fatty acids from the 
alcohols, these nitriles merit especial consideration. 

The following general methods are employed for their preparation : 

(i) Nucleus-synthesis from the alcohols : (a) by heating the alkyl- 
ogens with potassium ^cyanide in alcoholic solution to 100®; {b) by 
the distillation of potassium alkyl sulphates with potassium cyanide 
(hence the name alkyl cyanides) : 

(za) C,H,I + KNC-C,H,CN 4 * KI 

(16) S04<g***» +KNC-C.H,CN+K.SO, , 
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Isocyanides (p. 347) form to a slight extent in the first reaction. They can be 
removed by shaking the distillate with aqueous hydrochloric acid (whereby the 
isonitiile is converted into formic acid and a primary amine), until the unpleasant 
odour of the isocyanides has disappeared, then neutralizing with soda and drying 
the nitriles with calcium chloride. 

(а) By heating alkyl isocyanides or alkyl carbylamines (p. 247) : 

a5o* 

CH,CH,NC > CH,CH,CN. 

• \ 

(3) By the dry distillation of ammonium salts of the acids with 
P2O5, or some other dehydrating agent (hence the term acid nitrile). 

CH,.C0.0.NH4 -2H,0 «ch,.cn. 

Ammonium Acetate. Acetonitrile. 

The corresponding acid amide is an intermediate product. 

(4) By the removal of water from the amides of the acids vyhen 
these are heated with P2O5, P2S5, or phosphorous pentachloride (see 
amide chlorides, p. 277) : 

CH,.CO.Nrf,4-PCU=CH,.CN-fPOCl,-f2HCl 

3CH,.CO.NH,-fPtS4=-5CH,.CN+PiO*+5H,S. 

(5) By the distillation of fatly acids with potassium thiocyanate 
(B. 6, 669), or lead thiocyanate (B. 25, 419), during which a compli- 
cated reaction occurs. It is assumed that a thioamide is first formed 
which loses H2S, changing into the nitnle, or that a carboxyl is 
exchanged for a CN-group. 

(б) Primary amines, containing more than five carbon atoms, 
are converted, by potassium hydroxide and bromine, into nitriles : 

C,H„CH,NH,-j-2Bra+2K0H=C,H,gCHjNBr,-f2KBr+2H40 

C»HuCH,NBr,H-2K0H=C,H,.CN+2KBr4-2H,0. 

As the primary amines can be obtained from acid amides containing 
a carbon atom more, these reactions will serve for the breaking-down 
of the fatty acids (p. 263). 

(7) Nitriles result when aldoximes are heated with acetic anhydride or with 
thionyl chloride (B. 28, R. 227) : 

CH,CH=N.C)H + (CH,CO),0 - CHjC^+2CH,.COOH. 

(8) On the application of heat to cyanacetic acid and alkylized cyanacetic acid, 
nitriles result : 

CNCH,.CO,H =CNCH,4'CO,. 

The nitriles occur already formed in bone-oils and in gas tar. 

Historical. — Pelouse (1834) discovered propionitrile on distilling barium ethyl 
sulphate with potassium cyanide (A. 10, 249). Dumas (1847) obtained acetonitnle 
by distilling ammonium acetate alone, or with PfO, ; the same occurred with the 
latter reagent and acetamide (p. 277). Dumas, Malaguti and Leblanc (A. 64, 334) 
on the one hand, and Frankland and Kolhe (A. 65, 269, 288, 299) on the other, 
demonstrated (1847) the conversion of the nitriles into their corresponding acids 
by means of potassium hydroxide or dilute acids, and thus showed what import- 
ance the acid nitriles possessed for synthetic organiexhemistry. 

Properties and Reactions. — ^The nitriles are liquids, usually insoluble 
in water, possessing an ethereal odour, and distilling without decom- 
position. 

Their reactions are based upon the easy disturbance of the triple 
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union between nitrogen and carbon, and are mostly additive reactions. 
Add nitriles may be considered to be unsaturated compounds, in the 
same sense as are the aldehydes and ketones (pp. 23, 190). Their 
neutral character distinguishes ‘them from hy^ocyanic acid, the 
nitrile of formic acid, which they resemble as regard the reactions 
of their (^N-group. 

(1) Nascent hydrogen converts them into primary amines (p. 158) (Mendius), 
This reduction is most easily accomplished by means of metallic sodium and 
absolute alcohol (B. 22, 812). 

(2) The nitriles unite with the halogen acids, forming amide and imide 

halides (p. 281). <» 


(3) Under the influence of concentrated sulphuric acid they take 
up water and become converted into acid amides (p. 274). When 
heated to 100° with water the acid amides first formed absorb a second 
molecule of water and change to the fatty acid and ammonia. The 
nitriles are more readily hydrolyzed by heating tliem with alkalis or 
dilute acids (hydrochloric or sulphuric acid) . Esters are produced when 
the acids, in a solution of absolute alcohol, act on the nitriles. 


(4) The nitriles form thiamides with H^S (p. 281). 

(5) They combine with alcohols and HCl to form imido-ethers (p. 281). 

(6) With fatty acids and fatty acid anhydrides they yield secondary and 
tertiary amides (p. 276). 

(7) The nitriles become converted into amidines with ammonia and the 
amines (p. 282). 

(8) Hydroxylamine unites with them to form amidoximes (p. 283). Metallic 
sodium induces in them peculiar polymerizations. In ethereal solution, dimole- 
cular nitriles result : imides of P-ketonic nitriles. All these reactions depend upon 
the additive power of the nitriles, the triple carbon-nitrogen union being broken. 
If, however, sodium acts on the pure nitriles at a temperature of 150° the 
products are trimolecular nitriles, so-called cyanethines (q.v.), pyrimidine deriva- 
tives: 


2CH,CN 

SCHaCN 


■> 


CH,.C(NH).CH,.CN 

Imido-acetic Nitrile. 

N— C(CH,)=N 

ch,.6--ch====k:.nh,. 

Cyaaethlae 


Acetonitrile, Methyl Cyanide [Ethane Nitrile], CH3CN, m.p. 
—41° (\, b.p. 8i-6®, Di 6=0789, is a liquid with an agreeable odour. 
It is usually prepared by distilling acetamide with P2O6. Consult 
the general description of acid nitriles for its methods of formation, 
its history and its reactions. It may, however, be mentioned here that 
acetonitrile can be produced from hydrocyanic acid and diazomethane 
(B. 28 t 857). It combines with CU2CI2 to form (CH8CN)2Cu2Cl2 
(C. 1898, II. 859). 

Higher Homologous Nitriles. — Propionitrile, Ethyl Cyanide, [Propane Nitrile], 
C,H,.CN, b.p. 98®, Do o-8Ai. 

n-Butyronitrile, b.p. 118-5® has the odour of bitter-almond oil. Isobutyro* 
nitrile, b.p. 107®; n-Valeronitrile,h.i^. 140*4®; Isopropyl Acetonitrile, 129®; 
Methyl Ethylacetonitrile, b.p. 125® ; Trimethyl Acetonitrile, m.p. 15-16®, b.p. 
105-106®; Isobutyl Acetonitrile, h.p. 154®; Diethyl Acetonitrile, I44-I46®; 
Dimethyl Ethyl Acetonitrile, x 28-1 30® ; ji-(Ena'nthyl Nitrile b.p. X75-Z78*; 
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n-Capriloniirile, b.p. 198-200* ; Pelargonitrilet b.p. 214-216* ; Methyl VrHexyU 
Acetonitrile, b.p. 206°; Lauronitrile, b.p.,®® Tridecylonitrile, b.p. 275*; 

Myristonitrile, m.p. 19®, b.p. 226-5®; Palmitonitrile, m.p. 29®, b.p.^®® 251 *5*; 
Cetyl Cyanide, m.p. 53® ; Stearonitrile, m.p. 41*, b.p.i®® 274 ’ 5 ®- 

Several classes of compounds bear genetic relations to the acid 
amides and nitriles, but these will be considered after the nitriles. 


10. AMIDE CHLORIDES and ii. IMIDE CHLORIDES (W attach, A. 184 , i) 


The amide chlorides are the first unstable products formed during the action of 
PCI5 on acid amides. They lose hydrochloric acid and become converted into 
imtde chlorides, which by a further separation of hydrochloric acid yield nitriles : 


/Nil, 

“■<0 

Acetamide. 


PCI, yNH, -HCI 

^ CHaC^l ^ CHsO 

\C1 X'l 


^i^H -HCl^ 


(Acetamide Chloride.) 


(Acetimide Chloride.)* 


CH,C^" 

Acetonitrile. 


The addition of HCI to *the nitriles produces the iiiiide chlorides. Hydro- 
bromic and hydriodic acids are added more readily|than hydrochloric acid to 


nitriles (B. 25 , 2541) : 



CH.C<™ 

/NH, 

CH,CeBr 

\Br 

/NH, 

ch,cA 

Acetimide Bromide. 

Acetamide Bromide. 

Acetamide Iodide. 


If a hydroRen atom of the amide group be replaced by an alcohol radical, the 
imide chlorides will be more stable. On being hcal»*d, however, they lose hydro- 
chloric acid in pait and pass into chlorinated bases. 

(t) Water changes the imide chlorides back into acid amides. The chlorine 
atom of these bodies is as reactive as the chlorine atom of the acid chlorides. 
(2) Ammonia and the primarv and secondary amines change the iniide chlorides 
to amidines (p. 282). (3) Hydrogen sulphide converts the imide chlorides into 
thiamides. 


12 . IMIDO-ETHERS* {Pinner, B. 16 , 353, 1654; 17 , 184, 2002) 

The imido-ethers may be regarded as the estexs of the imido-acids, R'.C^q^. 

a formula which has, in recent times, been proposed for the acid amides (p. 275) ; 
(comp, also th<* Thiamides). 

The hydrochlorides of the Imido-ethers are produced by the action of HCI 
on an ethereal mixture of a nitrile with an alcohol (in molecular quantities) : 

CH,CN H-CjU.OlI 

Acetimido-ether. 


Formimido-ether (p. 243). Acetlmldo-Ethyl Ether, b.p. 94®, when liberated 
from its HCl-salt by means of NaOH, is a peculiar-smelling liquid. Ammonia 
and the amines convert the imido-ethers into amidines. Shaking the imido-ether 
hydrochlorides with alcohol produces ortho-esters (p. 284). 


13. THIAMIDES 


As in the case of the acid amides (p. 274), so her8 with the thiamides two 
formulas are possible : 






and 


R'.c<e, 


,NH 

OH 


r'.c<nh^ 


* Die hnidoaether und ihre Dehvate von A. Pinner, 1892. 



282 


ORGANIC CHEMISTRY 


The Ithiamides are formed (i) by the action of phosphorus sulphide on the 
acid amides ; (a) by the addition of H^S to the nitriles (p. 280) : 

CHs.CN+H*S=CH*.CS.NH,. 

Acetonitrile. ^ Thiacetamide. 

(1 ) The thiamides are readily broken up into fatty acids, H,S, NH , and amines* 

(2) They yield thiaxole deiivatives with chloracetic ester, chloracetone, and 
similar bodies. 

(3) Ammonia converts them into amidines. 

(4) The action of hydroxylamine results in the production of oxamidines. 
Thiacetamide, m.p. 108" (A. 192, 46; B. 11, 340). ThiopropionamidCt 

m.p. 42-43® (A. 259, 229). 


14. THIO-IMIDO-ETHERS 

are derived from the imidothiohydrin form of the thioamides. They are pre- 
pared, analogously to the imido-ethers, from the nitriles with mercaptans and 

HCl (B. 86, 3464). Acetimido-Thiophenyl Ether, »is obtained from 

its hydrochloride by the action of sodium hydro.xicfe. It is an unstable yellow 
syrup. The hydrochloride,\ m.p. 120®, with decomposition, is prepared from 
acetonitrile, thiophenol (Vol. II.) and HCl. 


15. AMIDINES, (A, 184, rsi ; 182, 46 ) 


The amidines, containing an amide and imide group, whose hydrogen atoms 
are replaceable by alkyls, may be considered to be derivatives of the acid amides, 
in \>vhich the carbonyl oxygen is replaced by the imide group : 

CH.CONH, CH,C(NH)NH,. 

Acetamide. Acetamidine. 


They are produced : 

(1 ) From the imide chlorides and thiamides, by the action of ammonia or amines. 

(2) From the nitriles by heating them with ammonium chloride. 

(3) From the amides of the acids when treated with HCl (B. 15, 208) : 

3CH,C0NH,=CH,C<JJ^^+CH,C0,H. 

(4) From the imido-ethers (p. 281) when acted on with* ammonia and amines 

(B. 16, 1647; 179). 

The amidines are mono-acid bases. In a free condition they are very unstable. 
The action of various reagents on them induces absorption of water, the imide 
group splits oSk, and acids or amides of the acids are regenerated. 

/ -Ketonic esters convert them into pyrimidines, e.g. acetamidine hydrochloride 
acetoacctic ester yield dimethyl ethoxy pyrimidine, m.p. 192® (comp, polym. 
acetonitrile, p. 280) : 


CH,0 


H 

NH 


COCH, 

+ * 

, CHaCOOCjH, 



-h2H,0. 


Formamidine (p. 244). 

Acetamidine, Acediamine, Ethenyl Amidine, CHaC(NH|)NH; hydrochloride, 
m.p. 163®. The acetamidine, separated by alkalis, reacts strongly alkaline - 
and readily breaks up into NH| and acetic acid. 


16. 


BYDROXAHIC ACIDS, R.C<^H ® 


These are produced by the action of hydroxylamine on acids» amides, 
esters, and chlorides. They are characterized by containing^ an oximido- or 
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ioonitroso-gioap in place of a carboxylic oxygen atom (B. 8S, a854). Anofhet 
method of preparation is from aldehydes and nitrohydroxvlammic acids 
O:N(OH):N(0H) (C. 1901. II. 770). ^ 

CHjCOH -hN,0,H,«CH,C(N0H)0H +HNO,. 

Benzene sulphohydroxamic acid, CgH.SOjNHOH, behaves similarly, by 
forming acyl hydroxamic acids and benzene sulphinic acid, C.HeSO.H, with 
aldehydes (C. 1901, II. 99). 

They are crystalline compounds, acid in character, and form an insoluble 
copper salt in ammoniacal copper solutions. Ferric chloride imparts a cherry- 
red colour to both their acid and neutral solutions. 

Acetobydroxamlc Acid, CH,C(NOH)OH+iH,0, m.p. 59®. It dissolves very 
easily in water and alcohol, but not in ether. 

Formhydroxamic Acid (see p. 224). 


17. HYDROXIMIC ACTD CHLORIDES, RC<q®** 

When chlorine is passed into a solution of acetaldoxime, a precipitate of 
colourless crystals of Nitrosochlor ethane, na.p. 65®, is formed. They 

melt to form a blue liquid and dissolve in ether forming a blue solution. From 
both the colour gradually disappears on standmg owing to a change into Aceto- 

hydroximic Acid Chloride, m.p. —3®, a colourless, easily decoxx^posed 

liquid. Silver nitrate converts it into acetonitrolic acid (see below) ; chlorine 
produces Nttrosodichlorethane, CHjCClj.NO, b.p. 68®, a deep blue oil (B. 85, 
3101). Acetohydroximic acid chloride is also obtained directly by the action 
of chlorine on a hydrochloric acid solution of acetaldoxime (B. 40, 1677). 


18. NITROLIC ACIDS, R.C<nO,” (P- * 33 ) 

As these bodies are genetically related to the mononitroparaffins, they have 
already been discussed immediately after them. 


19. AMIDOXIMES or OXAMIDINES, ® 

These compounds may be regarded as amidines, in which a H atom of the 
amide or iinide group has been replaced by hydroxyl. They are formed : by the 
action of hydioxylamine on the amidines (p. 282) ; by the addition of hydroxyl- 
aminc to the nitriles (B. 17, 2746) : 

ch,cn+nh,oh=ch,c<n”^. 

Aoetonitnle. Ethenyl AmidozinM. 

and by the action of hydroxylamine on thiamides (B. 19, x668) ; 

CH,CSNH,+NH,OH +H,S. 

The amidoximes are crystalline, very unstable compounds, which readily break 
down into hydroxylamine, and the acid amides or acids. • 

Methenyl Amldoxime, Formamidoxtme or Isouretine (p. 244). 

Ethenyl Amidoxitne, m.p. 135®. Hexenyl Amidoxime, m.p. 

48*. Heptenyl Amidoxime, m.p. 48-49® (B. 25, R. 637). Lauryl Amidoxifnx, 
m.p. 92-92 -5®. M yristyl A midoxime, m.p. 97®. Palmityl A midoxime, m.p. 101 
202®. Stearyl Amidoxime, m.p. io6-io6‘5® (B. 26, 2844). 
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20, 21 . HYDROXAMIC OXIME (Hydroxyamido-oximes), NITROSOXIMES 

(Nitrosolic Acids) 

and allied bodies are obtained from^ the hydroximic acid chlorides and nitrolic 
acids (A. 353 , 63 ; B. 40 , 1676). 

Acetohydroxamlo Oxime, Acetohydroxyamido-oxime, results 

from the interaction of acctohydroximic acid chloride and hydroxylamine, or 
from the reduction of ethyl nitrolic acid (p. 153) with sodium amalgam. It is 
unstable in the free state, but is known as a colourless hydrochloride, m.p. 156®, 
with decomposition, and as a red brown copper salt, C,H402NjCu-f-2H,0. Dilute 
alkali changes it into an unstable strongly coloured azo-body, CH,C(:NOH).N 
=5rN.C(:NOH)CH„ which partially changes into its more stable and equally 
coloured isomer, azaurolic acid, CH2C(:NOH).NHN:C(NO)CHa, and partially 
breaks down into ethyl nitrosolic acid and acetamide oxime : 

H.O 

CH 8 C(N 0 H).N=N.C(:N 0 H)CH, ^ CH,C(:N 0 H)N 04 -HsNC(N 0 H)CH,. 

Acetonitroso-oxime, Ethyl Nitrosolic Acid, is prepared from 

acetohydroxamic oxime by oxidation with bromirfe. It is characterized by its 
deep blue potassium salt, C^HaN^OjK. It is readily decomposed by acids. 

For further reactions, see above. 


22, 23 . HYDRAZIDINE and HYDR AZO-OXIME, 
such as RC<^y^**^***» and see Vol. II., and B. 8 S. s*?*- 

24 , ORTHO-FATTY ACID DERIVATIVES 

The ortho-esters of the fatty acids are obtained similarly to orthoformic 
ester (p. 244) (i) from the imido-ethcr hydrochlorides (p. 281) and alcohols 
(B. 40 , 3020) ; from the orthotrichlorides and sodium alcoholatc ; (3) synthetically 
from the orthocarbonic acid esters and alkyl magnesium halides (B. 38 , 361). 

Orthoacetic Triethyl Ester, CH3C(OC8H5)3, b.p.748 143®, b.p.u 42®, is a colour- 
less pleasant-smelling liquid, but differing in odour from the ordinary ester. 

Orthopropionic Ester, CH8CHjC(OC,H4)8, b.p.,* 161®, b.p.u 34®. Ortho- 
Acetyl Trichloride, Methyl Chloroform, Ethenyl Trichloride. 1,1,1-Trichlorethane, 
CHjCClj, b.p. 74’3®, is formed together Yvith i, i, 2, Trichlorethane, by the 
action of chlorine on ethylidinc chloride (A. 195 , 183). , 

Methyl Nitroform, 1,1,1-Trinitroethane is discussed with the nitroparaffins 
(p. 136). 

Orthoacetic Tripiperide, CH3.C(NC4Hiq)3, b.p. 261®, is obtained by heating 
together methyl chloroform and piperidine. It forms a strongly alkaline, colour- 
less liquid, of a peculiar odour : hydrochloride, CH3.C(N.C5Hiq.HC1)8, does not 
melt at 260®. 


HALOGEN SUBSTITUTION PRODUCTS OF THE FATTY ACIDS 

The reactions leading to the substituted fatty acids are partly the 
same as those employed in the formation of the halogen substitution 
products of the para^s. 

(i) Direct substitution of the hydrogen of the hydrocarbon residue, joined to 
carboxyl, by halogens. 

(a) Chlorine in sunlight, or with the addition of water and iodine, or sulphur 
(B. 25, R. 797), or phosphorus (B. 24, 2209) ; or by the action of sulphuryl 
chloride on the fatty acids (C. 1903, 1 . 414). 

( 5 ) Bromine in sunlight, or with the addition of water in a closed tube at a 
more elevated temperature, or with the addition of sulphur (B. 25, 331 x)« or 
phosphorus (B. 24, 2209). 

ifi) Iodine with iodic acid, or bromo-fatty acids with potarsium iodide. 
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The acid chlorides, bromides, or acid anhydrides are more readily substituted 
than the free acids. This reaction can be brought about most suitably^by the 
addition of tiie required quantity of chlorine dissolved in CCI4 to a solution of 
the chloride in the same solvent. Each liquid is cooled externally, and the 
mixture is made in full sunlight (B. 34 , 4047). When chlorine or bromine, in the 
presence of phosphorus, acts on the fatty acids (method of Hell- Volhard), acid 
chlorides and bromides result ; these are then subjected to substitution. The 
final products are halogen-acid chlorides or halogen-acid bromides : 

3CH3.C0,H -f-P + 1 iBr =3CH jBr.COBr +HPOa -fsHBr. 

However, substitution only takes place in a mono-alkyl or dialkyl-acetic 
acid at the a-carbon atom. Hence, trimethylacetic acid cannot be chlorinated or 
brominated. Consequently the behaviour of a fatty, acid towards chlorine or 
bromine and phosphorus indicates whether or not a trialkyl-acetic acid is 
present (B. 24 , 2209). 

(2) Addition of Halogen Acids to Unsaturated Monocarhoxylic Acids. — The 
halogen enters at a point as far as possible from the carboxyl group, e.g. : 


HCl 


CH,:CH.CO,H 
Acrylic Acid. 


— — > CHjCLCHj.COaH 
HBr * * 

- — Cfl,Br.CH,.CO,H 

xll 

CHaI.CHa.c03H 


) 5 -Chloro- 
p-Bromo- 
P-lodo- , 


propionic acid. 


(3) Addition of Halogens to Unsaturated Monocarhoxylic Acids. — Whenever 
possible the chlorine is allowed to act in a CCI4 solution. Bromine often reacts 
without the help of a solvent, also in the presence of water, CSa, glacial acetic 
acid and chloroform. 


(4) Action of the halogen adds (a) on hydroxymonocarboxylic 


CH,(OH)CII,CO,H CH,Cl.CH,.CO,H fl-CUor^roiaonic 

lIJSr 

CII,ClI(OH)CO,H ^ CH,CHBrt'- 0 ,H .-Bromopropiooic Acid. 

CH,(OH)CH(OH)CO,ll CH,I.CH,.CO,H P-Io doprop ionic 

(46) On lactones, cyclic anhydrides of y- or 8-hydroxy acids : 

HBr 

rvt rw ( ^^CHaBr.CHa.CHj.COjH 

^ri2.Cyr»a I y-Bromobutyric Acid. 

CHa.CO ^ I ^CHal Cllo.CHa.COaH 

Butyiolactonc y-Hydroxylbutyric y-lodobutyric Acid. 

Arid Lactone. 

(5) Actio.n of the phosphorus halides, particularly PCI5, on hydroxy- 
monocarboxylic acids or their nitriles (C. i8g8, I. 22). The product 
is the chloride of a chlorinated acid, which water transforms into the 
acid : 


acids : 

Hydracrylic 

Acid 

Lactic Acid : 
Glyceric Acid : 


CH,.CHOH.COOH +aPCl, =CH,.ClICl.COCl + 2 POCI, +2HC1. 

Lactic Acid. a-Chloropropionyl Chloride. 

Furthermore, halogen fatty acids are obtained like the parent acids 

(6) by the oxidation of chlorinated alcohols or aldehydes (p. 203) with 
nitric acid, chromic add, potassium permanganate or potassium 
chlorate (B. 18 , 3336) : 

‘^■'drin'T'’'' CH,Cl.CHa.CH,OH CH,Cl.CHCl.CO,H p,?f;,oric Add. 

O Trichloracetic 

CCljCHO > CCl.COOH Acid. 


Chloral: 
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. (7) *By the action of halogen acids on dioMo-fatty acid esters (see Glyozylic 

Acid) : * 

CHN,.CO,C,H,4-HC1«CH,C1.CO,C,H,+Nb. 

(8) When the halogens act on diaSo-fatty acid esters : 

chn,co,c,h,+i,=chi,co.c,h,+n,. 

Isomerism and Nomenclature, — Structurally, isomeric halogen sub- 
.stitution products of the fatty acids are first possible with propionic 
acid. To indicate the position of the halogen atoms, the carbon 
atom to which the carboxyl group is attached is marked a, whilst the 
other carbon atoms arc successively called j8, y, 8, e, etc. The two 
monochloropropionic acids are distinguished as a- and jS-chloropro- 
pionic acids, whilst the three isomeric dichloropropionic acids are the 
aa-, and ajS-dichloropropionic acids, etc. 

Behaviour, — The introduction of substituting halogen atoms in- 
creases the acid character of the fatty acids. The halogen fatty acids, 
like the parent acids, yield, by analogous treatment, esters, chlorides, 
anhydrides, amides, nitriles, etc. 

bn the velocity of ester formation and the electrifc conductivity 
of the a-, j 3 -, y-, and 8-halogen fatty acids, see A. 319 , 369. 

Reactions , — (i) Nascent hydrogen causes the halogen substitution 
products of the fatty acids to revert to the parent acids — retrogressive 
substitution. 

The reactions of the monohalogen fatty acids, which bear the same 
relation to the alcohol acids or hydroxy-acids as the Jilkylogens do 
to the alcohols, are especially important. In both classes the halogen 
atoms enter the reaction under similar conditions. 

(2) Boiling water, alkali hydroxides, or an alkali carbonate solu- 
tion generally brings about an exchange of hydroxyl for the halogen 
atom (A. 342 , 115). 

However, in monohalogen products, the position of the halogen atom, with 
reference to carboxyl, will materially affect the course of the reaction ; a-halogen 
acids yield a-hydroxy acids. j8-halogen acids split off the halogen acid and become 
converted into unsaturated acids with the formation also of /3-hydroxy acids 
(A. 342, 127) ; y-halogen acids, on the contrary, yield y-hydroxy acids, which 
readily yield lactones (B. 219, 322) : 

H,0 

CH.CICOOH > CH,(OH)CO,H 

H,0 

CH,ClCHj|COOH > CH,=CHCO,H 

HjO ] I 

CH,ClCH,CHaCOOH > CH,OCHjCH,CO. 


(3) Ammonia converts the halogen fatty acids into amido-acids. 
Nucleus-synthetic Reactions. — (4) Potassium cyanide produces cyano- 
fatty acids — the mononitrtle of dibasic acids, which hydrochloric acid 
changes to dibasic acids. They will be considered after the latter : 


cH,aco,H- 

Chloncetic Add. 


(KCN 


Cyanacetic Acid. 


aHgO.HCl 


Malonic Add. 


The monohalogen acids furnish a means of building up the dicarboxyRc 
• acids from ihe monocarboxylic adds. 
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(5) Dicarboxylic acids have been obtainde from mono-halogen carboxylic acids 

by means of metals : ’ 

Adipic Add. 

(6) and (7) The esters of the mono-halogen fatt yacids have been applied in 
connection with the acetoacetic ester and malonic ester syntheses, and as results 
we have jS-ketone dicarboxylic acids, /3-ketone-tricarboxylic acids, and th- 
and tetrac.irboxylic acids. 

(8) The esters of the halogen fatty acids can be changed into halogen zinc 
or halogen magnesium fatty acid esters by means of the free metal ; in the 
presence of aldehydes and ketones, salts of the higher hydroxy-fatty acid esters 
are formed : 

RCH04-BrCH(CH,)C0,C,H, — — ^ RCH(OZnBr).CH(CH,)CO,C,H,. 

(9) The final product of condensation of a-halogen fatty acid esters and ketones 
by means of sodium amide are the ethylene oxide carboxylic esters (glycidic acid 
esters ) ; 

NH,Na ; 

R,CO+ClCH{CH,)COgC,H, > R,C— C(CH,)CO,C,H,. 


Substitution Products of Acetic Acid. 

Chlorine Substitution Products — The relations of the three chloracetic acids to 
the oxygen derivatives, whose chloiides they may be considered to be, are evident 
in the following tabulation (comp. pp. 117, 20b) : 

Monochloracetic Acid, CHjClCOsH. corresponds with Acid, CH2OH.CO2H 

Dichloracetic Acid, CHCljCO,H, „ „ Gly oxy he Acid, CHO. CO 

Trichloracetic Acid, CCljCOsH, „ „ Oxalic Acid, COiH.COsH 

Monochloracetlc Acid, CHjCLCOjH, m.p. 62®, b.p. 185-187®, solidifies 
after fusion to an unstable modification, m.p. 32®. This slowly reverts spon- 
taneously to the ordinary acid (13. 26, R. 381). On the preparation of the acids 
from acetic acid and sulphuryl chloride, see C. 1905, 1. 414. Its sodium and 
silver salts, on the application of heat, yield poly gly collide. 

When monochloracctic acid is heated with alkalis or water, the chlorine is 
replaced by the hydroxyl group, and we get Hydroxy Acetic Acid or Glycolhc 
Acid {q.v.). Amino-acetic Acid, or Glycocoll, results when the monochlor-acid is 
digested with ammonia. 

The ethyl ester, b.p. 143*5°; chloride, b.p. 106°; bromide, h.p. 127®; anhydride, 
m.p. 46®, b.p.n no® (B. *27, 2949); amide, m.p. 116®, b.p. 224-225®; nitrile, 
b.p. 124®. 

Dichloracetic Acid, CHClaCOgH, b.p. 190-191°, is produced when chloral 
is heated with potassium cyanide or ferrocyanide and some water. If alcohol 
replace the water, dichloracetic esters are formed (B. 10, 2124) : 

CCl.CHO -|-H,0 + KCN =CHC1,C02H -f KCl -hHCN. 

When its silver salt is boiled with a little water, glyoxylic acid (qv.) is pro- 
duced. Methyl ester, b.p. 142-144® ; ethyl ester, b.p. 158° ; anhydride, b.p. 214- 
216°, with decomposition ; chloride, b.p. 107-108® ; amide, m.p. 98°, b.p. 234° ; 
nitrile, b.p. 113®. 

Trichloracetic Acid, CCljCOjH, m.p. 55*. b.p. 195*. the officinal Acidum 
trichloraceticum, was first prepared by Dumas (1839) when he allowed chlorine 
to act in the sunlight on acetic acid (A. 32, 101). Without essentially changing 
the chemical character, three hydrogen atoms of the acetic acid were replaced by 
chlorine — a fact upon which Dumas then elected the type theory (p. 18). ^ Kolbe 
(1845) made the acid by the oxidation of chloral with concentrated nitric acid 
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(A. 54; x 83>, and demonstrated how it could be prepared synthetically from its 
elements : 


C+2S- 


->CS,* 


CCI4 ■ 


Heat 


CClj 

■>11 ■ 
CCl, 


Cl,.aH,0 COOH. 


Sunlight 


The carbon disulphide resulting from carbon and sulphur is converted by the 
chlorine into carbon tetrachloride, which on the application of heat becomes 
converted into perchlorethylcne, CCla=CCl, (p. 97), and it, in turn, by the action 
of chlorine and water, aided by sunlight, yields trichloracetic acid. This was 
the first synthesis of acetic acid, for MiSsens had previously shown that potassium 
amalgam in aqueous solution reduced trichloracetic acid to acetic acid (p. 256). 

jailing with water decomposes trichloracetic acid into chloroform (p. 245) 
and COa, whilst excess of ,alkali produces formic acid and a carbonate (A. 342, 
122). Electrolysis gives rise to the formation of perchloracctic trichloromethyl 
ester (C. 1897, II. 475). 

The methyl ester, b.p. 152*5° ; ethyl ester, b.p. 164°, are obtained from 
the acid and alcohols (B. 29, 2210 ; C. 1901, II. 1333). Trichloracetyl Chloride, 
Perchlor acetaldehyde, b.p. 118°, is formed when ozonized air or SO3 (A. 308, 324) 
acts on perchlorethylcne (B. 27, R. 509) (comp, synthesis of trichloracetic 
acid from CSa) ; bromide, b.p. 143° ; anhydride, b.p. 224° ; amide, m.p. 141®, 
b.p. 239° ; nitrile, b.p. 83°. Perchloracctic Trichloromethyl Ester, CClg.COaCCla, 
m.p. 34°. b.p. 192° (A. 273, 61). 

Bromaeetle Acids. — Monohromacetic Acid, CHaBr.COjH, m.p. 50-51°, b.p. 
208° ; ethyl ester, b.p. 159° ; chloride, b.p. 134° ; bromide, CHgBr.COBr, b.p. 150® 
(pp. 98. 270) ; anhydride, b.p. 245° ; amide, m.p. 91° ; nitrile, b.p. 148-150® 
(B. 38, 2694). 

Dibromacetic Acid, CaHaBrjOa, m.p. 54-56°, b.p. 232-235°; ethyl ester, 
b.p. 192® : bromide, CHBrj.COBr (pp. 98, 270), b.p. 194® ; amide, m.p. 156® 
(B. 38, 2695). 

Tribromacetic Acid, CBraCOjH, m.p. 135°, b.p. 246° with decomposition, 
results from the interaction of perbromethylene and nitric acid (A. 308, 324). 
Boiling water or alkali decomposes it similarly to trichloracetic acid (see above). 
Ethyl ester, b.p. 225° ; bromide, b.p. 220-225° ; amide, m.p. 120-121®; nitrile, b.p. 
170°, is a dark red liquid, which HCl changes to the polymeric trinitrile, m.p. 
129® (B. 27, P. 730). 

lodoacetic Acids. — Moniodoacetic Acid, CViJiCO^, m.p. 82° (C. 1901, I. 665). 

Di-iodoacetic Acid, CHIg.COjH, m.p. no®. 

Tri-iodoacetic Acid, m.p. 150°. The last two compounds have been obtained 
from malonic acid and iodic acid (B. 26, R. 597). (C'omp. iodoform, p. 246.) 

Fluoracetic Acids. — Monofluor acetic Acid, CHgl'-roOH, m.p. 33°, b.p. 165®, 
is obtained by the hydrolysis of its methyl ester, b.p. 104°, which in turn is prepared 
from methyl iodo-acetate and mercury or silver fluorfdo. Difluoracetic acid, 
CHFgCOOH, b.p. 134®, is prepared by oxidation of difluorcthyl alcohol (from 
difluor-ethyl bromide). In these compounds the fluorine atom is held relatively 
firmly in the molecule (J. 1896, 759 ; C. 1903, II. 709). Dibromofluoracetic 
acid, CBrjF.COOH, m.p. 26°, b.p. 198° ; ethyl ester, b.p. 173°, possesses a 
camphor-like odour ; fluoride, CBrgF.COF, b.p. 75°, is formed from symmetrical (?) 
dibromodifluorethylene by the absorption of oxygen (C. 1898, II. 702). 

Substitution Products of Propionic Acid. 

The a-monohaloid propionic acids contain an asymmetric carbon atom; 
hence their esters, for example, are known in an active form. They are prepared 
according to the methods 4a and 5 (p. 285). The /3-monohalogen acids are derived 
from acrylic acid by method 3 (p. 285), and /3-iodopropionic acid from glyceric 
acid by method 4a. 

a-Chloroproplonic Acid, CH9CHCICO2H, b.p. 186®; ethyl ester, b.p. 146 ; 
chloride, 109-110° ; amide, 80° ; nitrile, b.p. 121-122°, is prepared from 
acetaldehyde cyanohydrin and PClg (B. 34, 4049)- a-Bromopropionlc Acid, 
m.p. 24*5°, b.p. 205°, is resolved into its optically active components by cinchonine; 
ethyl ester, b.p. 162° ; bromide, b.p. 153° (A. 280, 247) ; anhydride, b.p.j 120® 
(B. 27, 2949). Dextro-rotatory a-Chlorth and a~Bromopropionic esters are 
obtained from sarcolactic acid (B. 28, 1293). a-Iodopropionic Acid, m.p. 45®, 
prepared from propionyl chloride and iodine chloride (B. 36, 4392). 

/8-Chloroproplonle Add, CHgClCHgCOgH, m.p. 41*5®. b.p. 203-204°; methyl 
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ester, b.p. 156® ; ethyl ester, b.p. 162® ; chloride, b.p. 143-135®. ) 3 -Bromopro* 
plODic Acid, m.p. 61 ‘5®; ethyl ester, b.p.14, 69-70^; bromide, b.p. 154-155®. 
j 3 -Iodopropionle Acid, m.p. 82® ; methyl ester, b.p. 188® ; ethyl ester, 202® ; 
amide, m.p. 100® (B. 21 , 24, 97), is formed by boiling the ester with sodium 
amalgam and subsequently hydrolyzing the mercury dipropionic acid, Hg(CH9- 
CHaCOOII), formed, consisting of prisms, which are only slightly poisonous. 
The aqueous solution, when boiled, deposi ts a heavy precipitate of hydro»y~ 

mercury propionic anhydride, OHgCHjCHaci (B. 40 , 386). 

Dihalogen Propionic Acids. — aa>Acids are prepared by the chlorination 
and bromination of propionic acid (B. 18 , 235) ; oj8-acids, by the addition of 
chlorine and bromine to acrylic acid, by the addition of a halogen acid to 
a-halogen acrylic acids, and by the oxidation of 4 he corresponding alcohols 
(p. 285) : pp-aicids, by the addition of a halogen acid to j 3 -halogen acrylic 
acids. 

aorDichlovopropionic Acid, CHaCClgCO,H, b.p. 185-190® ; ethyl ester, b.p. 
156-157®; chloride, from pyroraccmic acid and PCI5, b.p. 105-115®, amide, 
m.p. 1 16® (B. 11 , 3S8) ; nitrile, b.p. 105® (B. 9 , 1593). 

The silver salt changes to pyroracemic acid when heated in aqueous solution, 
and aa*dichloropropionic aci^. 

aa-Dibromopropionic Actd^ m.p. 6i®, b.p. 220®; ethyl ester, b.p. 190®, is 
decomposed by sodium hydroxide into pyroracemid acid, CHsCOCOOH, and 
bromacrylic acid (A. 342 , i ^o). 

ap-Dichloropropionic Acid, CHjClCHClCOjH, m.p. 50®, b.p. 210® ; ethyl 
ester, b.p. 184®. 

aP'Dihromopropionic Acid, m.p. 51® and 64°. b.p. 227® with partial decom- 
position, is capable of existing in two allotropic modifications, which can be 
readily converted one into the other, and of which the more stable possesses 
the higher melting point. Water or sodium hydroxide produces from it a-bromo- 
acrylic and glyceric acids (A. 342 , 135): ethyl ester, b.p. 211-214°. 

pp-Dibromopropionic Acid, m.p. 71°, is formed from )8-bromacrylic acid and 
HBr (B. 27 , R. 257). 

Substitution Products of the Butyric Acids. 

a'Chloro-n-butyric Acid, CIIjt'HjCHClCOall, b.p.|R loi® (A. 319 , 358), is a 
thick liquid ; ethyl ester, b.p. 156-160®; chloride, b.p. 1 29-1 32®, is obtained 
from butyryl chloride (A. 153 , 241) ; nitrile, b.p. 142®. 

a-Bromohutyric Acid, b.p. 215®, is prepared from butyric acid. 
p-Chloro-v-lmtyric Acid, CHjCHCl.CHaCOOH, b.p., a 99®, is obtained from 
allyl cyanide, and from solid crotonic acid and HCl ; nitrile, b.p. 175®. 

P-Bromo-n-butyric Acid, m.p. 18®, b.p.,« 122®, and p-Iodo^n-butyric Acid, 
m.p. no® (B. 22 , R. 741 ; C. 1905, I. 24) have been obtained from crotonic acid 
and from allylcyanide. 

y-Chloro-n-butyric Acid, CH,ClCHjCHjCOjH, m.p. 16®, b.p.js ii 5 *» is 
obtained from the nitrile and from trimethylenc carboxylic acid and HCl (A. 319 , 
363). Trimethylcne chlorobromidc, CHjCl.CHjCHgBr and KCN yield y~Chloro~ 
butyric Nitrile, b.p. 189° (A. 319 , 360). Alkali hydroxides convert the nitrile into 
trimethylene carboxylic acid nitrile (Vol. II.) (C. 1908, I. 1357). The acid is 
obtained from this, and when distilled at 200® it yields HCl and butyrolactone. 

y-Bromo- and y-Iodobutyric acids, m.p. 33® and 41®, result from butyro- 
lactone iq.v.) by the action of HBr and HI (B. 19 , R. 165). 

ap-Dichlorobutyric Acid, CHsCHClCHClCO,H, m.p. 63®. ap-Dibromo- 
butyric Acid, m.p. 85®. Both are obtained from crotonic acid (p. 295). Py-Di- 
bromobutyric Acid is obtained from vinyl acetic acid (p. 297). 

aap-Trichlorobutyric Acid, CHj.CHCl.CCl2.CO2H, m.p. 60®, appears in the 
oxidation of trichlorobutyraldehyde and by the action of chlorine on 
chlorocrotonic acids (B. 28 , 2661). 

aap-Tribromobutyric Acid, m.p. 1x5®. The solutions of the sodium salts of 
both acids break down, when warmed, into CO j, sodium halide, and aa-dichloro- 
and aa-dibromopropylene (B. 28 , 2663). 

a-Bromisobutyric Acid (CH,),CBr.COOH, m.p. 48®, b.p. igg : ethyl esUr, 
b.p. 164®; anhydride, m.p. 63® (B. 27 , 2g$i): amide, m.p. 148®, with bromine 
and alkali (comp. p. 277) yields acetone (C. 1905, I. 1220). . . , , 

a-Bromisohutyryl Bromide, b.p. 163®, is converted by zinc m ethereal or 

VOl. I. ® 
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ethylacctate Dimethyl Ketene, (CHa)2C:CO. This is a wine-yellow liquid, boiling 
at a low temperature, which polymerizes at ordinary temperatures to tetramethyl 
diketo-cyclobutane [(CH,)jC.CO],. It is also obtained from isobutyryl chloride 
(p. 271) and trimethylamine. Water, alcohol, and aniline unite with the 
ketone to form isobutyric acid, cstel-, and anilide respectively (B. 39 , 968). 

a-Ioddbutyric Acid, m.p. 73® (C. 1900, I. 960), is prepared from isobutyryl 
chloride, SaClj, and iodine. 

Halogen Substitution Products of the Higher Fatty Acids. 

Acids, containing the group (CH,)2CH, have their methine hydrogen sub- 
stituted by chlorine when the reaction takes place in sunlight at 100® (C. 1897, 
II. iioo : iSqq, II. 963). Among the higher members some a-bromo-acids are 
prepared by bromination witli or without the presence of phosphorus (B. 25 , 
486). Such compounds can also be obtained by the addition of the halogen acids 
or the halogen to unsaturated acids (A. 319 , 357 ; C. 1901, I- 93» 665). Dialkyl 
bromacetic acids, RjCBrCOOH, can also be prepared from dialkyl malonic acid 
by heating with bromine and water. Some of their amides are employed as 
soporofics (C. igoO, II. 1694). 

The dibromo-addition-prodiicts of the unsaturated acids have been exhaus- 
tively studied. Water almost invariably sets the COOH free from the ajS-dibro- 
mides with the formiition of brominated hydrocarbons, etc., whereas carbon is 
never split ofE from the and y8-derivativcs, but the first products are bromi- 
nated lactones, from which hydroxy-lactones and y-ketonic acids are simul- 
taneously obtained (A. 268 , 55). 


B. OLEIC ACIDS, OLEFINE MONOCARBOXYLIC ACIDS. 

CnHjn.iCOjH 

The acids of this scries, bearing the name Oleic Acids because 
oleic acid belongs to them, differ from the saturated fatty acids by 
containing two atoms of hydrogen less than the latter. They also 
bear the same relation to them that the alcohols of the allyl series do 
to the normal alcohols. We can consider them as being derivatives 
of the alkylens, CnH2n, produced by the replacement of one atom of 
hydrogen by the carboxyl group. 

Some of the methods employed for the preparation of the un- 
saturated acids are similar to those used with the saturated acids. 
Others correspond with the methods used with the olefines, and 
others, again, are peculiar to this class of bodies. 

From compounds containing a like carbon content : 

(1) Like the saturated fatty acids, they are produced by the oxida- 
tion of their corresponding alcohols and aldehydes ; thus, allyl alcohol 
and its aldehyde afford acrylic acid : 

CH^rCH CHaOH > CHa:CH.CHO 

Allyl Alcohol. . Acrolein. Acrylic Acid. 

(2) by the action of alcoholic potassium hydroxide (p. 286) on 
the monohalogcn derivatives of the fatty acids, or by the action of 
heat on them, together with a tertiary base such as diethyl aniline 
or quinoline (C. 1898, I. 778). 

CHj.CHa.CHCl.COaH and CHj.CHCl.CHj.COjH yield CHa-CHiCH.COaH 
•-Cblorobutyric Acid. ^ ^-Cblorobntyric Acid. Crotonic Acid. 

The jS-dcrivatives are especially reactive, sometimes parting with halojgen 
acids when boiled with water (p. 286) ; whereas the y-halogen acids yield 
hydroxy-acids and lactones. {3) Similarly, the a)S-derivatives of the acids (p. 289) 
readily lose two halogen atoms, (a) either by the action of nascent hydrogen-?* 

CH,Br.CHBr.CO,H+aH^CH2:CH.CO,H+^I}Br, 
f^rSbcomopiopionic Acid, Acrylic Add# , 
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or (b) even more readily when heated with a solution of ^tassinm iodide, in whidi 
instance the primary di-iodo-compounds part with iodine (p. 136) : 

CH,I.CHI.CO,H=*CH,:CH.CO,H+T,. 

(4) by the addition of hydrogen to acetylene carboxylic acids : 

CHa.C : C.COOH + 2 H =CH,.CH;CH.COOH. 

Tetiolic Acid. Crotonic Acid. 

(5) by fbe removal of water (in the same manner in which the 
alkylens C»H2» are formed from the alcohols) from the hydro 3 qr-fatty 
acids (the acids belonging to the lactic series) : 

CH,CH(OH).CO*H and CH-rOHl.CHa.COsH 'yield CH,:CH.COjH. 

a-Hydroxypropionlc Acid. ^-Hydroxypropionic Acid. Acrylic Acid. 

Here again the ) 3 -derivatives are most inclined to alteration, losing water when 
heated. The removal of water from a-derivatives is best accomplished by treating 
the esters with PClg. The esters of the unsaturated acids are formed first, and 
can be saponified by means of alkalis. Another method is to act with PfO, 
on the nitriles of the hydrc«y-acids (C. 1898, II. 662). )8-Hydroxy-acids also 
yield olefine carboxylic acids when boiled with alkalis^ (A. 283 , 58). 

If both a-situated hydrogen atoms m a jS-hydroxy-acid are substituted, warming 
the ester with P2O5 causes elimination 01 water in the py position ; if, however, 
there is no hydrogen in the y position, an informal rearrangement occurs which 
favours the expulsion of water (C. 1906, II. 317, 318) : 

-HaO 

CH8CH(0H)C(CHa)C02R ^ CH,:CHC(CH 3 ),C 02 R 

CH,(OH)C(CH,),CO,R V CH(CH,):C(CH,)CO,R. 

(6) Amino-fatty acids lose the amino-group, after previous methylation, 
and yield olefine carboxylic acids (B. 33 , 1408). 

(7) a-alkyl o-bromethylenc succinic acids lose HBr and COj when boiled 
with sodium hydroxide (C. 1899, 1 . 1071). 

Nucleus-synthetic Methods. — (8) Some may be prepared syntheti- 
cally from the halogen derivatives, CnH2n-iX, through the cyanides 
(p. 252) ; thus, allyl iodide yields allyl cyanide and crotonic acid, and 
the position of the double bond is changed : 

CHa^CIICHal = CH.rCH.CHaCN > CHaCH^CHCOaH. 

The replacement of the halogen by CN in the compounds Cnllan-iX is con- 
ditioned by the structure of the latter. Although allyl iodide, CHaiCH.CHal, 
yields a cyanide, ethylene chloride, CHaiCHCl, and jJ-chloropropylene, CH,.- 
CClrCHa, are not capable of this reaction. 

(9) The action of CO2 and magnesium on an ethereal solution of allyl bromide 
produces vinyl acetic acid (B. 36 , 2897) : 

CHa:CHCIIaBr-}-Mg+CO,=CHa:CHCHaCOOMgBr. 

(10) Some acids have been synthetically prepared by Perkin* s reaction, which 
is readily brought about with benzene derivatives, but proceeds with difficulty 
in the fatty series. It consists in treating the aldehydes with a mixture of acetic 
anhydride and sodium acetate (comp. Cinnamic Acid) : 

C,H„CHO+CHg.CO,Na=C,H„CH:CH.CO,Na-|-H,0. 

(Bnanthol. Nonylenie Acid. 

(A. 277 , 79 ; C. 1899, I. 595.) 

)8-Dimethyl acrylic acid is obtained from acetone, malonic acid and acetic 
anhydride (B. 27 , 1574)- , ... 

Pyroracemic acid acts analogously with sodiun^ acctate-^c?irbon dioxido 
8{dits ofi and crotonic acid results ( 3 . 18 t 9^7)* 
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Methods of formation, dependent upon the breaking^down of long 
carbon chains : 


(11) by the decomposition of uf^cUurated p-ketonic acids, synthetically pre- 
pared by the introduction of unsaturated radicals into acctoacetic esters. Allyl 
acetoacetic ester yields allyl acetic acid (p. 299). 

(12) by the decomposition of unsaturated malonic acids, containing the two 
carl^xyl groups allached to the same carbon atom (p. 253) : 

CH3.CH:C(COjH)j == CH,.CH:CH.COjH hCO,. 

Kthylidpne Mplonir Acid. Crotonic Acid. 


(13) Unsaturated jSy-acids are prepared bv distilling y-lactone-j 9 -carboxylic 
acids, the alk\l.ited paracbnic acids (B. 23 , R. 91). In the same manner yS-un- 
saturated acids result irom the 8-lactone-y-carboxylic acids (B. 29 , 2367) : 


Methyl Para- 
conic Acid, 


5-CaproIactone- 
y-carboxylic Add, 


CO,H 

ClIgCH.CH.CHa 

6 CO 

CO,H 


-COj 


6 CO 


Ethylidene-piopiunic Acid 
• S y P a 

> CHj.CHiCH CHa.C Jla.COgll. 

y8-Hexenic Acid. 


Isomerism, — An isomer of acrylic acid is neither known nor possible. 
The second member of tlic series hi^ three structurally isomeric, open- 
carbon chain modifications : 

(I) CH,.CH=CII.CO,H; (2) CH,=Cn.CH, CO,H : (3) 

In fact, there are three crotonic acids — the ordinary solid crotonic 
acid, isocroionic acid and methyl acrylic acid. Formerly, formula 2 
was ascribed to isocrotonic acid. There is, however, considerable 
support for the view that both acids — the ordinary solid crotonic acid 
and isociotonic acid — have the same formula. Hence it is assumed 
that crotonic and isocrotonic acids are merely geometric, stereo- or 
space-isomers. (Comp, crotonic acids, p. 295.) 

Numerous pairs of isomers, whose differences may be similarly 
indicated, resemble crotonic and isocroionic acids— angelic and tiglic 
acids ; oleic and elaidic acid ; crude and brassidic acids. 

The monocarboxylic acids of tri-, tetra-, penta-, and hexamethy- 
lene are structurally isomeric with the acids C3H5.CO2H, C4H7CO2H, 
C5HQCO2H, C0H11CO2H. Further, the trimethylene carboxylic acid, 
CH 

• ®;>CH.C02H, is isomeric with the three crotonic acids, and 

CH2 

CH 

tetramethylene carboxylic acid, CH2 etc., with the 

acids C4H7CO2H. (Comp. p. 80.) 

Properties and Reactions, — Like the saturated acids in their 
entire character, the unsaturated derivatives are, however, dis- 
tinguished by their ability to take up additional atoms : they unite 
the properties of a fetty acid with those of an olefine. 

(i) On combining with two hydrogen atoms they become con- 
verted into saturated fatty acids. 

Most of the lower members combine r^dily with the H* evolved in the action 
of zinc on dilute sulphuric acid, whilst the higher remain unaffected. Sodium 
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amalgam apparently only reduces those acids in which the carboxyl group is 
in union with the doubly-linked pair of carbon atoms (B. 22 , R. 376). All may 
be hydrogenized, however, by heating with hydriodic acid and phosphorus. 

(2) Esters of the unsaturated acids, such as acrylic and crotonic 
acids, polymerize under the influence of sodium methoxide, whereby 
the double bond is broken, and the jS-carbon atom of one molecule 
joins the a-carbon atom of a second, accompanied by a compensating 
wandering of a hydrogen atom : 

aCHgiCH.COOH = C 02 H.C(;CH,).CH»CH,.C 00 H. 

(3) They combine with halogen acids, forming monohalogen 
fatty acids. In so doing the halogen atom enters the molecule as 
far as possible from the carboxyl group (p. 285). 

(4) They unite with the halogens to form dihalogen fatty acids 

(p. 285). 

All these reactions hatre already been given as methods for forming 
fatty acids and their halogen derivatives. ^ 

(5) Ammonia converts the olefine carboxylic acids into amino-fatty acids: 
crotonic acid yields j8-aminobutyric acid. Hydrazine and phenylhydrazine 
behave similarly with the same compounds. 

(6) Diazoacetic ester and diazomethane combine with the olefine carboxylic 
esters to produce pyrazoline carboxylic ester ; acrylic ester and diazoacetic 
ester yield 3,4-pyrazoline carboxylic ester (q.v.) (Buchner, A. 278 , 222). 

(7) The olefine carboxylic acids unite with N,04, forming nitriles of the 
nitrohydroxycarboxylic acids (C. 1003, II. 554 ; 1904, 1 . 260) : 

N2O4 

CH,CH:CHCOOH ^ CHaCH(ONO).CH.(NO,)COOH. 

(8) The behaviour of unsaturated acids towards alkalis is espe- 
cially noteworthy. 

(a) When heatc<i to 100°, with KOH or NaOH, they frequently absorb the 
elements of water and pass into hydroxy acids. Thus, from acrylic acid we obtain 
a-lactic acid, CH,:CH.CO,H4 HaO--CH8.CH(OH).COaH. 

(h) jSy- Unsaturated acids rcariangc themselves to ojS-unsaturated acids (Fittig, 
A. 283 , 47, 269 ; B. 28 , R. 140) when they are boiled with alkali hydroxide ; the 
double union is made to take a new position : 

CIl, CII, Jh - f:iI.Cri,.COOH >- CH,.CHs.LHj.ai=CH.COOH. 

Hyilrosoibic Acid. n-T5utylidcne Acetic Acid. 

(c) When fused with potassium or sodium hydroxide their double 
union is severed and two monobasic fatty acids result : 

f CHj.CO.H -hUr 

Aciylic Acid. Formic Acid. Acetic Acid. 

CH,('H:CII.CO,H+2H,0=CH,.CO,n fCII,.('0,n II,. 

Crotonic Acid. Acetic Acid. Acetic Acid. 

The decomposition occasioned by fusion with alkalis is not a reaction 
which can be applied in ascertaining constitutioli, because under the 
influence of the alkalis there may occur a displacement or rearrange- 
ment of the double union. 

(9) Oxidizing agents like chromic acid, nitric acid and potassium permanganate 
have the same effect as alkalis, (a) The group linked to carboxyl is usually 
further oxidized, aid thus a dibasic acid results. 
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(&) wiien carefully oxidized with permanganate, the nnsaturated acids 
undergo an alteration similar to that of the olefines; dihydroxy acids result 
{Fittig, B. 21 , 1887). 

CHa.CH:C(CaH5)C0,H+0+Ha0=iCH,CH(0H)-C(0n)(C,H5)C0jH. 
a-£tbyl Crotouic Acid. a-Ethyl jS-Mctbyl Glyceric Acid. 

(10) Ozone produces ozonides by action on the olefine carboxylic 
adds. They are decomposed by water into aldehydes and aldehyde- 
adds, a reaction which indicates their constitution (comp. p. 84) 
(A. 843 . 34) : 

ch,.ch:chcoohVo,+h,o=ch,cho-i-hoc.cooh-i-h,o,. 

Cxotonic or Isocrotonic Acid. Acetaldehyde. Glyoxylic Add. 

(11) jSy'Unsaturated acids when heated with dilute sulphuric acid 
yield y-lactones : 

(CHa>,eCH.CH,COaH >■ (CH.),(^.CH,.CH,.CO(!) 

Pyroterebic Acid. Ibdbaprolactone. 

I. Acrylic Acid [Propene-Acid], CH2:CH.C02H, m.p. 7°, b.p. 141®, 
is obtained according to the general methods ; 

(1) From j8-chloro-, j3-bromo-, or j3-iodo-propionic acid by the 
action of alcoholic potassium hydroxide or lead oxide. 

(2) From aj3-dibromopropionic acid by the action of zinc and 
sulphuric acid, or potassium iodide, or reduced copper containing 
iron (C. 1900, II. 173). 

(3) By heating jS-hydroxypropionic acid (hydracrylic acid). 

The best method consists in oxidizing acrolein with silver oxide, or 
by the conversion of acrolein, by successive treatment with hydro- 
chloric and nitric acid, into j3-chloropropionic acid, and the subse- 
quent decomposition of this acid by alkali hydroxide (B. 26, R. 777 ; 
B- 34, 573). 

Acrylic acid is a liquid with an odour like that of acetic acid, and 
is miscible with water. If allowed to stand for some time, it is trans- 
formed into a solid polymer. By protracted heating on the water- 
bath with zinc and sulphuric acid it is converted into propionic acid, a 
reaction which does not occur in the cold. It combines with bromine 
to form aP‘dibrofnopropionic acid, and with the halogen acids to 
3riield p-substitution products of propionic acid (p. 288). If fused with 
alkali hydroxides, it is broken up into acetic and formic acids. 

Tht silver salt, C,H,OaAg, consists of shining needles ; lead salt, (CaH,0,),Pb, 
crystallizes in long, silky, glistening needles; ethyl ester, C3H3O, C^Hg, b.p. loi^, 
obtained from the ester of aj8-dibromopropionic acid by means )f zinc and sulphuric 
acid, is a pungent-smelling liquid ; methyl ester, b.p. 85°, is polymerized by 
sodium methyoxidc to a-methylene glutaric ester (B. 84 , 427). 

Acryl chloride, CH,:CH.COCl, b.p. 75®; anhydride [CH,:CH.C 0 ], 0 , b.p.,g 
97*; amide, CHgiCH.CONH,, m.p. 84® ; nitrile, vinyl cyanide, CHjrCH.CN, b.p. 
78" (B. 26 , R. 776 ; C. 1899. II. 662). 

Substitution Prpducts«— There are two isomeric forms of mono- and di-sub- 
stituted acrylic acids. 

a-Chloracrylic Acid, CHaiCCl.COjH, m.p. 64®, results when ajS- and also 
aa-dichloro]^ropionic acids aie heated with alcoholic potassium hydroxide. It 
combines with HCl at 100^ to produce ap-dichloropropionic acid (B. 10 , Z499; 
18, 244). 

B-Chloracrylic Acid, CHChCH.COgH, m.p. 84®, is produced together with 
Oicuoracrylic acid in the reduction of chloratide with zinc and*hydrochloric acid 
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(A. 208 , 83 ; 289 , 263), also from propiol%c add, C^HiO, (p. 303), by the addition 
of HCl It unites with HCl to j 3 j 3 -dichloropropionic acid ; ethyl ester, b.p 146^. 

a-Brotnacryltc Actd, mp (>9-70®, is slowly decomposed by alkalis into 
acetylene, alkali bromide, and bicarbonate (A ^ 2 , 135 )- 
fi-Bromacryhc Actd, m p. 115-116®. 

fi-Todoacryltc Actd, is known in two modihcations, m ps 1 39-1 40® and 65** 
(B, 19 , 542). 

ojS Dtchloracryltc Actd, m p 87® ; pp-Dtchloracryltc Actd, m p 76-77®. 
ajS Dtbromacryhc Actd, in p 85-S6®, pp-Dtbromacryltc Actd, m p. 86®. 
aP Dt-todchocryltc Actd, mp. 106®, pp-Dt-todo~acryltc Actd, mp. 133® 
(B 18 , 2284) 

a-Chlor-p todo-Acryltc Actd, m p 8 q®, results from reduction of lodosth 
chlot acrylic Actd, or lodosochloro-chloracryltc Actd, ^hich in turn is prepared 
by the action of water or alcohol on todosochloro-chlorofumartc actd (B. 88, 
2842): 


ClIC(COOH).CCl COC 
lodosochloEO-chloio- 
fumanc Acid. 


ClICH-CCl COO 
lodosochloro- 
cbloracrylic Acid. 


ICH CCICOOH. 

Chloro iodo« 
acrylic Acid. 


Irtchloracryltc Actd, mp 76®, ethyl ester, bp 193®; orthoethyl ester, 
CClo CCK (OCjH 5)3, b p. 236®, from hexachloropropylene (A. 297 , 312). 
i rtbromacryltc Actd, mp 117-118®. 


2. Crotonic Acids, C3H5.CO2H. 

In the introduction to the olefine carboxylic acids the isomerism 
of the crotonic acids was made evident, and it was shown that the 
difference between crotonic and isocrotonic or quartenyhc acid de- 
pended on the different arrangement of the atoms m the molecules 
ol the two acids, 111 the sense ot the following formulae (A. 248 , 281) : 

HCCOaH HC CO,H 


HC CH, cn,cH 

(Plane Symmetiic Coiilig ) (Axial Symmetne Conflg ) 

Which of the two formulae may be assigned to the ordinary solid 
crotomc acid, and which to the lower melting isocrotomc actd has not 
yet been determined with ceitainty, although there has been no dearth 
of investigations to place the matter on expeiimental and theoretical 
bases (B. 25 , R. 855, 856 , 26 , 108 , 29 , 1639 . 34 , 189 , 38 , 2534 ; 
A. 268 , 16 , 283 , 47 ; C. 1897, II. 159 ; J. pr. Ch. [2] 46 , 402 ; 76 , 
105 , Z. phys. Ch. 48 , 40). 

In the following table of the crotonic acids and their halogen sub- 
stitution products, the plane-symmetrical or as- configuration ha^ been 
arhitranly assigned to crotonic acid, and the axial-symmetncal or 
cts- trans (pp. 34, 35) formula to isocrotomc acid. 


( 1 ) Crotonic Acid 

CH|>CiC<CO.H^p 

* 72 ®. 

b.p. 180®. 

(la) a-Chlorocrotonlc Acid 


99 ®. 

„ 212®. 

(lb) j3-Chlorocrotonic Acid 


94 ®: 

• 

„ 200°. 

(ic) a-Bromocrotonlc Acid 


1 06®. 


(id) )8-Bromocrotonic Acid 


95 ’. 


(a) Isocrotonic Acid 

• 

h>c.c<^®*h 

i 5 ‘; 

„ 75 *(a 3 ma.). 



296 ORGANIC CHEMISTRY 

(2a) a'Chlorlsoerotonlo Acid 

(2b) j 3 -Chlorisocrotonic Acid '• 59 " ; b.p. 195^ 

(2c) a-Bromisocrotonic Acid »* 

I- Ordinary Crotonic Acid is obtained according to the general 
methods of formation (pp. 290, 292) : 

(1) by the oxidation of crotonaldehyde, CH3CH : CHCON (p. 215) ; 

(2) by the action o^ alcoholic potassium hydroxide on a-bromo- 
butyric acid and p-iodobutyfic acid ; 

(3) by the action of KI on a^-dibromobutyric acid § 

(4) by the distillation of p-hydroxybutyric acid ; 

(5) by the hydrolysis of allyl cyanide, CH2 : CHCH2CN, produced 
by alkyl iodide and potassium cyanide, accompanied by an internal 
rearrangement (B. 21, R. 494 ; C. 1903, II. 65^). 

(6) The most practicable method of obtaining crotonic acid is to 
heat malonic acid, CH2(C02H)2, with paraldehyde and acetic anhy- 
dride : the ethylidene malonic acid first produced decomposes into 
CO2 and crotonic acid (p. 291) (A. 218, 147) ; 

(7) Finally, from isocrotonic acid, dissolved in water or carbon 
bisulphide, by the action of a trace of bromine, in sunlight. 

Crotonic acid crystallizes in fine, woolly needles or in large plates, 
and dissolves in 12 parts water at 20®. The warm aqueous solution 
reduces alkaline silver solutions with the formation of a silver mirror. 
Zinc and sulphuric acid, but not sodium amalgam, convert it into 
normal butyric acid. It combines with HJSr and HI to yield jS-bromo- 
and j 3 -iodobutyric acid, and with chlorine and bromine to form 
a^-dichloro- and a]8-dibromobu+yric acids. Its methyl ester com- 
bines at 180° with sulphur (H. 28, 1636). It polym^^rizes under the 
influence of sodium ethoxide to form a-etbylidere jS-methyl glutaric 
ester (B. 33 , 3323). Crotonic ethyl ester, similarly treated, yields 
/ 3 -ethoxybutyric ester (B. 33 , 3329). When fusrd with potassium 
hydroxide, it breaks up into two molecules of acetic acid ; nitric acid 
oxidizes it to acetic and oxalic acids, and potassium permanganate 
to dihydroxybutyric acid (A. 268 , 7), Similarly to isocrotonic acid, 
crotonic acid is split up by ozone and water into acetaldehyde and 
glyoxylic acid (p. 294). 

Methyl ester, b.p. 121®; chloride, b.p. 114® (B. 34 , 191); anhydride, b.p.i„ 
128-130®, from crotonic acid and acetic anhydride, gives, v/ith 13 a 02 , crotonyl 
peroxide (CIl8CH:CHC0),02, m.p. 41 (C. 1903, I. 958)- 

(la) a-Chlorocrotonic Acid, CHj.CHiCCl.COgH, is obtained when trichloro- 
butyric acid (p. 289) is treated with zinc and hydrochloric acid, or zinc dust and 
water; also, by the action of alcoholic potassium hydroxide on a) 3 -dichloro- 
butyric ester (B. 21 , R. 243). 

(16) j 3 -Chl«roerotonic Acid, CHa.CChCH.COsH, is obtained in small quantities 
(together with /S-chlonsojrotonic acid) from acetoacetic ester, and by the addi- 
tion of HCl to tetrolic acid. With boiling alkalis it yields tctrolic acid (p. 304). 
Sodium amalgam converts both a- and j8-chlorocrotonic acids into ordinary 
crotonic acid. 

Chlorocfotonic acid, CHjCl.CHiCH.COjH, m.p. 77®, from the nitrile, b.p.j, 
73®t which is prepared by distillmg the addition product of HNC and epicblor* 
,,,by 4 iin with PgO* (C. xgoo, II. 37). 
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(!<;) a-Bromocrotonle Aeld is prepared from the ester of dibromobutyric acid. 

(id) B-Bromocrotonic Acid is produced from tetrolic acid. 

Dlchloro- and Dibromocrotonlc Acids. (Sec Tetrolic Acid. p. 304.) 

(2) Isocro tonic Acid, Quartenylic acid, Cis-trans Crotonic Acid, Allocrotonic 
Acid, m.p. 15®, was first obtained from )5-chlorisocrotonic acid by means of 
sodium amalgam, and results also from a-chlorisocrotonic acid. It is also formed 
by distilling )3-hydroxyglutaric acid under reduced pressure (C. 1898, II. loii). 
Heated in a closed tube to 170-180®, it is converted into crotonic acid, a change 
which also partially occurs during distillation. A further change is brought 
about by bromine in aqueous or carbon bisulphide solution in sunlight (C. 1897, 
II. 259). It can be separated from the solid crotonic acid by means of the 
increased solubility of its sodium salt in alcohol, or its more easily soluble quinine 
salt in water (C. 1897, II. 260 ; 1904, 1 . 167). Melted ^with potassium hydroxide 
isocrotonic acid yields only acetic acid, like the ordinary crotonic acid, into which 
it may first be changed. Sodium amalgam has no action on it. It absorbs 
HI, forming j3-iodobutyric acid (B. 22 , R. 741). Chlorine unites with it to form 
a liquid dichloridc, C4H*Cl202, the iso-aj 5 -dichlorobutyric acid, which gives 
up HCl, changing into a-chlorocrotonic acid. KMn04 oxidizes it to Isodihydroxy- 
butyric acid (q.v.) (A. 268 , 16). 

(za) a-Chlorisocrotonic Ajid is obtained by the action of sodium hydroxide 
on free ajS-dichlorobutyric acid. It is the most soluble of the four chlorocrotonic 
acids (B. 22 , R. 52). • 

(zh) When PCI5 and water act on acetoacetic ester, CHaCO.CHaCOCjH*, 
) 3 -chlorisocrotonic acid (v^ith ) 3 -chlorocrotonic acid) is produced. It is very pro- 
bable that )3-dichlorobutyric acid is formed at first, and this afterward parts with 
HCl. It IS also formed by protracted heating of j8-chlorocrotonic acid. 

Sodium amalgam converts both the a- and )S-chlorisocrotouic acids into liquid 
isocrotonic acid (B. 22 , R. 52). 

a-Bromisocrotonic Acid is produced by the action of sodium hydroxide on 
free a^-dibromobiiiyric acid (B. 21 , R 242). 

(3) Vinyl Acetic Acid, CHaiCH.CHaCOOH, b.p.^ 71®, is produced, together 
with glulaconic acid, b}'' heating jS-hydroxyglularic acid ; also from j8-bromo- 
n-glutaric acjd by the action of soihum hydroxide solution ; or by heating a 
solution of its neutral sodium salt. It can further be obtained from allyl 
bromide, COg, find Mg, in ether (B. 36 , 2897). It is an oil, volatile in steam. 
Boiling witli sodium hydroxide converts it into ordinary crotonic acid and 
j8-hydioxybut yi je acid ; acids produce the ordinary crotonic acid only. Bromine 
changes it intt) j3y-dibromobutvric acid, which gives )8-hydroxy-y-butyrolactone 
when boiled with water. Caluum salt, (C4H502)2Ca-hH,0 (B. 35 , 938), Vinyl 
Acetomtnle, AUvl Cyanide, ClIaiCII.CHgCN, b.p. 118®, obtained from allyl 
bromide 01 iodide with alkali cyanide, yields solid crotonic acid on hydrolysis, 
accompanied bv internal change. Bromine produces )8y-dibromobutyronitrile, 
which, on saponification, yichls ) 3 y-dibromobutyric acid ; reduction of the latter 
with zinc and alcohol gives risi' to vinyl acetic acid (C. 1905, I. 434). 

(4) Methacrylic Acid, CH2:C<QQ®pp m.p. t6°, b.p. 160-5®. Its ethyl ester 

was first obtaiiK'd by the action of PClg on hydroxy-isobutyric ester, 
(0113)2. C(()H).C02.C2H5. It can be prepared from a-bromisobutyric acid 
by warming it with concentrated sodium hydroxide solution (A. 342 , 159). 
It is, however, best prepared by boiling citrabromopyrotartaric acid (from 
citraconic acid and HBr) with water or a sodium carbonate solution : 

+CO2 H-HBr. 

It crystallizes in prisms which are readily soluble in water ; it polymerizes 
on keeping and in contact with HCl to Polymethacrylic Acid (B. 30 , 1227). Sodium 
amalgam easily converts it into isobutyric acid. With HBr and HI it forms 
a-brom- and a-iodo-isobutyric acid, whilst bromine produces a^-dibromiso- 
butyric acid, whereby the assumed constitution is substantiated (J. pr. Ch. [2] 
26 , 369). Fusion with potassium hydroxide decomposes it into propionic and 
formic acids. The nitrile, b.p. 90®, is produced from acetone cyanhydrin by 
PjO, (C. 1898, II. b02). Bromomethacrylic acid and Isohromomethacrylic acids, 
BrCH:C(CH8)COOH, m.ps. 64® and 66®, are produced from citra- and meso- 
dibromopyroracemic acid. They arc separated from one another by means of 
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petroleum ether. Heat changes the iso-acid into the normal form, which on 
further heating is decomposed into HBr, CO,, and allcnc (p. 90) (A. ^ 8 , 163). 

The characterization of the four crotonic acids can be eftected through their 
anilides, CjHj.CO.NHC^Hj, which arc obtained by treating the acids with 
PCI 5, aniline, and sodium hydroxide (B 5 38 , 254) : 

Crotonic Anilide, m.p. 118®; Vinyl Acetic Anilide, m.p. 58®; Isocrotonic 
Anilide, m.p. 102®; Methacrylic Anthde, m.p. 87®. 

Pentenie Acids, C4H9.CO2H. 

Of the isomers of this formula, angelic or ajS-dimethyl acrylic acid is the most 
important. It bears the same relation to tiglic acid that was observed with 
crotonic and isocrotonic acids (p. 295). 

« 

2. Angelic Acid, “-P* 45 °. b.p. 185°, exists free 

along with valeric and acetic acids in the roots of Angelica archangelica, 
and as butyl and amyl esters, together with tiglic amyl ester, in 
Roman oil of cumin, the oil of Anthemis nobilis. 

• 

Angelic acid congeals, lyhen well cooled, and ma y be thus separated from liquid 
valeric acid by pressure. Angelic and tiglic acids can be separated by means 
of the calcium salts, that of the hr&t being very readily soluble in cold water 
(B. 17 , 22O1 ; A. 283 , 105). 

When 10 grams of angelic acid are boiled for twenty hours with sodium 
hydroxide (40 grams NaOH in lOo grams of water), two-thirds of it are converted 
into tiglic acid. Heating with water at 120® will change over one-half of it to 
tiglic acid (A. 283 , 108). When pure angelic acid is heated to boiling for hours 
it is completely changed to tiglic acid. The same occuis by the action of 
concentrated sulphuric acid at 100®. It dissolves without difficulty in hot water, 
and volatilizes readily in steam ; ethyl ester, b.p. 141®. 

Tiglic Acid, a-Methyl Crotonic Acid. b.p. 198*. 

present in Roman oil of cumin (see above), and in croton oil (from Croton 
tiglium), is a mixture of glycerol esters of various fatty and oleic acids. It can 
be prepared from methyl ethyl hydroxy~a^eiic acid, (C2H6)C(CHa)(OH).COOH, by 
the abstraction of water. Together with angelic acid it is obtained j(fom hydroxy- 
pi valic acid, HO.CH 20.(0115)200011, by an internal change accompanied by the 
loss of water, according to mode of formation 5 (p. 291). Also from acetaldehyde 
and propionic acid, by mode of formation 10 (p. 291). 

Ethyl ester, b.p. 152®, is converted by bromine into two dibromides (A. 250 , 
240 ; 250 , I ; 272 , 1 ; 273 , 127 ; 274 , 99). For their constitution, compare 
B. 24 , R. 6G8. The three possible acids, C4H,C02H, with normal structure are 
also known {Fittig, A. 283 , 47 ; B. 27 , 2658). Propylidene Acetic Acid, afi-Pentenic 
acid, CHj.CH 2.CH:CH.C02H, m.p. 10®, b.p. 201®, is formed, together with y- 
hydroxy valeric acid, on boiling ethylidene propionic acid with sodium hydroxide ; 
as well as from malonic acid, propionic aldehyde and acetic anhydride, together 
with ntenic acid ; dihtomtde, m.p. 5^®. Ethylidene Propionic Acid, p-Pentenic 
acid, CHjCHrCH.CHjCOaH, b.p. 194®, is best prepared by the distillation of 
methyl paraconic acid (B. 37 , 1997). It is also produced by the reduction of 
vinyl acrylic acid (p. 305) by sodium amalgam (B. 85 , 2320) . dtbromide, m.p. 65®. 

a-Ethyl Acrylic Acid, CH^=C{CtH^)C 001 l, m.p. 45®, b.p. 180®, is obtained 
from a-bromo-a-ethyl succinic acid. On warming with concentrated sulphuric acid 
it is partially changed to tiglic acid, partially into CO and methyl ethyl ketone, 
CH3.CO.C2H5 (C. 1905* I- 591)- Sulphuric acid produces similar decompositions 
and changes in the homologous aralkyl acrylic acids (C. I905» II.t 5 i 2 ). 

Pp-Dimethyl Acrylic \cid, (CHa),C:CH.C02H, m.p. 70®, is obtained (i) from 
j8-hydroxy-isovaleric acid by distillation: (2) from acetone and malonic acid by 
means of acetic anhydride (B. 27 , 1574); (3) from its ester, produced when 
a-bromisovaleric acid ester is heated with diethylaniline (A. 280 , 252) ; (4) from 
mesityl oxide by the breaking-down action of sodium hypochlorite : 

NaClO 


(CH.)2C:C0CH, 


(CH,)2C:CHC00H H-CHpig. 
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(C. 1905 , 11 614 ) The ethyl ester and HNO^ yield two isomeric monomtro 
compounds See B 29 , R 956 for its denvatives 

AUyl Acetic Add, •^Pefdentc Aad, CH| Cll CHg CHg COgll b p 187^, la 
obtained on heatmg allyl malonic acid 
Hexenlc Acids, CgllioOg 

The normal acids belonging to this class Bxe Hydro- and Isohydrosotbic Aetds 
Hydrosorbic Acid, Propylxdene Propionic Aad, py Hexemc Acid CH„CH, - 
CH CH CHg COgH, b p 208®, is obtained from ethyl paracomc aad, CHg CH, - 

C^H CH(COgH)CHjCo6, according to method 13 (p 292) , hence it is probably 
a 8y>unsaturated acid It is the first reduction product of sorbic aad, CHgCH CH - 
CH CH COgH Durmg the reduction a shifting of the double union occurs On 
boilmg hydrosorbic acid with sodium hydroxide, It passes mto the jsomer 
whose formation one might expect m the reduction of sorbic acid — ^mto Isohydro- 
Corblc Acid, or Butylidene A cettc Aad afi HexenicAad, CHgCH gCHgCH CHCOgH, 
p 33®, bp 216® It IS also prepared, together with a little of the ) 3 y-acid, by 
heating a-bromocaproic ester with quinoline (B 24 , 83 , 27 , 1998) When its 
bronune addition product is boiled with water, hydroxy-caprolactone and homo- 
laevulinic acid result (A 268 , 69) 

y8 Hexemc aad, CHgCH CH CHgCH ,COOH, m p o®, b p 206® (see mode of 
foimation 13, p 292) Permanganate breaks it down into acetic acid and succimc 
acid (B 37 , 1999) he-Hexemc aad, CH, CHCHgCHgCHgCOOH, b p *203®, is 
formed, together with the y8 acid, from a hydroxy a methyl adipic acid by 
the action of heat , also from a aminocaproic acid by means of nitrous acid 
(B 87 , 1999) 

Vinyl Dimethyl Acetic Aad CHg CH C(CHg)gCOOH, b p 185® Its ester is 
obtained from aojS tnmethyl hydracrylic ester by PgO, The acid is oxidized 
by permanganate to dimethyl malonic acid, (CH3)gC(COOH)a Analogously 
many homologous alkenyl dimethyl acetic acids can be obtained (C 1906, II 317, 
1 1 16) Their dibromides are partially decomposed by alkalis m an abnormal 
manner 

ajS Isohexcnic Aad, p-Isopropyl Acrylic Aad, (CHg)2CH CH CHCOOH, b p 
212®, from p hydroxyeaproic acid or a bromisocaproic ester (B 29 , R 667 , 
C 1899, I 1157 ) 

Fthyl Crotonic Aad CHg CH CCCgllglCOOH, m p 40®, and Ethyl Isocrotonic 
Acid, b p 200® are obtained together on the distillation of diethyl glycolic acid, 
(CgIl5)2C(OH) COOH Ihe first is a sublimable solid the second a liquid The 
iattt r IS converted into the solid acid when heated under pressure to 200® (A 334 , 
105) Ihe calcium salt of the iso icid is less soluble in hot water than in cold 
Pyroterebic Acid, (CHs)2C ( H CH, COgH, and Teracrylic Acid, CgH,- 
CH CH CHg ( OgH, b pt 218° (A 208 , 37, 39). belong to the acids CgHigOg and 
CiHigOg Ihey deserve notice because of their genetic connection with two 
oxidation products of turpentme oil — terebic aad and terpenylic aad — which will 
be considered in Vol II Pyroterebic acid is changed by protracted boiling or 
by HBr to isomeric isocaprolactone : 

(CH,),i CH, CH,CO(!) 

Teracrylic acid is converted by HBr into the isomene heptolactom : 

C,H,(^HCH,CH,CO(!) 

Nonylenic Acid, CHg(CHg)gCH CH COgH, from oenanthol by general method 
of formation 10, p 291 

Decylenic Acid, CgHjg CH=CH CHg COgH, is formed from hexyl paracomc 
acid, according to general method of formation 11, p 292 

Undecylenic dcid, CHg=CH(CHg)8COgH, mp 245®, bp,g 165®* is Pro- 
duced, together with oenanthol (p 201) (C igoi, I 612) by distilling castor oil 
under reduced pressure It yields sebaac aad, (CHglgfCOgHlg (q v ) on oxida- 
tion (B 19 , R 338 , 19 , 2224) Chloride, b p 14 128® , anhydridt m p 13®, 
b p ,1 170® , nitrile, b p jg 130® (B 33 , 3580) , amide, m p 85® (B 31 , 2349) 
When its dibromide, m p 38®, is incompletely decomposed by alcoholic potassium 
hydroxide, Dehydro-undecylenic Aad, CH=C[CHg]gCOgH, mp 43®, is obtamed, 
which, fused at x8o® with potassium hydroxide, changes to Undecolic Actd^ 
CHi.C:C[CHg]yCGgH, mp. 39® (B 29 , 2232). 
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Higher Olefine Monoearboxylic Acids. 

To ascertain the point ot the doubly linked carbon atoms in the higher olefine 
monoearboxylic acids, the latter are converted into their corresponding acetylene 
monoearboxylic acids (p. 302), which, in turn, are oxidized and split open at the 
point of triple carbon union ; or thej^ are changed to ketone carboxylic acids, 
and these are then broken down. Thus, oleic acid yields stearolic acid, which 
maybe oxidized to azclaic acid, C^TI, 4(00211)2, and pelargonic acid, C2H17CO2H, 
This would mean that in stearolic acid the carlion atoms 9 and 10 are united by 
three bonds, and that they are the atoms which in oleic acid arc in double union. 
This conclusion is confirmed by the conversion of stearolic acid, by means of 
concentrated sulphuric acid, into ketostearic acid, whose oxime undergoes the 
Beckmann rearrangement at 400®, as the result of the action of concentrated 
sulphuric acid. Two aciVl amides result, which are decomposed by fuming 
hydrochloric acid, the one into octylamine and sebacic acid, the other into polar- 
gonic acid and 9-aminononanic acid (B. 27 , 172) : 


Oleic Acid. 


Stearolic Acid. 


C, l,,Cn:CH[CH2l2C02H 


CgHi7CllBr.CHBr[CH,],CO,II 




C,H„C~[CHJ,CO,H ^ rTI,rCH,],CO,H 

Kctoatearic Acid. 


Ketoxime- 
stearic Acid. 


C,<!:,C(N0H)[CH2]2C02li 

C.Hj^NHC0[Cn2]8C02ll CgHi^CO NH[CTT.J2C02H 

c.H.jNir, [Cii,],(roji), nh„[ch,i,coj-i 

Octylamine. Sfbacic Acid. Pclai^-junic Acid. g-Arainononank 

Acid. 


The constitution of hypogseic and erucic acids has been determined in the 
same manner. 

The constitution of stearolic acid still remained doubtful, however, since 
ketostearic acid, C',8Hi,CO[CH2]8COC)H, could also be formed from an acid of 
the formula C^H , glgCOOH. However, the assumed constitution of oleic 

acid was substantiated by boiling its ozomde with water, wli reby the decom- 
position products, nonyl aldehyde and azclalc aldehyde acid, were obtained 
together with their oxidation pioducts. pelargonic acid and azclaic acid (B. 39 , 
3732): 


CH[CHa]7COOn C.ll^CHO-f OCil[Ll Igl^COOH. 

of 


Hypogsic Acid, CHs[Cna]7CH:CH[CH2]5C02H, m.p. 33®, b.p.,, 236®, found 
as glycerol ester in carthnut oil (from the fruit of Arachis hypogeea), crystallizes in 
needles. It results when stearolic acid is fused with KOH at 200^ (B. 27 , 3397). 


Oldie Acid, * ji^^'^^[CH2]7COaH — Ci8^3402» ni.p. 14®, b.p.jo 
223®, occurs as glycerol ester (triolein) in nearly all fats, especially 
in the oils, as olive oil, almond oil, cod-liver oil, etc. It is obtained 
in large quantities as a by-product in the manufacture of stearic 
acid (p. 264}. , 

In preparing oleic acid, olive or almond oil is saponified with potassium 
hydroxide and the aqueous solution of the pota.ssium salts precipitated with lead 
acetate. The lead salts which separate are dried and extracted with ether, when 
lead oleate dissolves, leaving as in.soIuble the lead salts of all other fatty acids. 
The ethereal solution is mixed with hydrochloric acid, the lead chloride is filtered 
off. and the liquid is concentrated. The acid obtained in this way may be Irao 
tionated by distillation under strongly diminished pressure. ^ 
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Oleic acid in a pure condition is odourless, and does not redden 
litmus. On exposure to the air it oxidizes, becomes yellow, and 
acquires a rancid odour. Nitric acid oxidizes it with formation of all 
the lower fatty acids from capric to acetic, and at the same time dibasic 
acids, like sebacic acid, are produced. A permanganate solution 
oxidizes it to azelatc acid, C9H10O4. Moderated oxidation produces 
dihydroxystearic acid, m.p. 136° (C. 1898, 1 . 176, 629 ; 1899, 1. 1068). 

It unites with bromine to form liquid dibromostearic acid, C,gH,4Br,0,, which 
is converted by alcoholic KOH into monobromoleic acid, CigHgsBrOg, and then into 
stearolic acid (p. 304). Reduction by hydrogen and finely divided nickel 
(C. 1903, I. ii99)» or by electrolytic methods (C. 1^0$, II. 305) converts oleic 
acid into stearic acid. 

Oleic Anhydride, m.p. 28° (C. 1899, I. 1070) ; chloride, b.p.i, 213® (B. 33 , 

3534)- 

ElaYdic Acid, ^ ^ p ^250^ results 

from the action of nitrous acid on oleic acid. Oxidation with KMn04 
produces a dihydroxystearic acid, m.p. 99° (C. 1.899, I- 1068). Elaidic 
Bromide, m.p. 27°, is reconverted into the acid by sodium amalgam ; 
chloride, b.p.^s 216° ; anhydride, m.p. 50® ; nitrile, b.p.i® 214® (B. 33 , 
3582) ; amide, m.p. 90® (C. 1899, 1 . 1070). 

Iso-oleic Acid, fi 2^ m.p. 44-45®, is obtained from the Hl-addition pro- 
duct of oleic acid — iodostcaric acid — by treatment with alcoholic potassium 
hydroxide; or from hydroxystcaric acid, formed from oleic acid by the action 
of concentnited sulphuric acid, by distillation under reduced pressure (B. 21 , 
R. 398 ; 21 , 1S78 ; 27 , R. 57b). 

Hydriodic acid rcfluccs oleic and clai'dic acids to stearic acid. Oleic, elaidic, 
and iso-olcic acids, when fused with potassium hydroxide, break down into 
palmitic acid and acetic acid. 1 liis is, however, a reaction that cannot be accepted 
as proving that the double union in the three acids holds the same position, 
'the common view is that oli ic and elaidic acids are stereoisomers, and that 
iso-oli‘ic is a structural isomer of the other two acids. 

Bromine converts the three acids into three different dibromostearic acids. 
Carefully oxidized with potassium permanganate, they yield three different 
dihy dr oxv -stearic acids. 

A'-OIeic Acid, CH3[CH2]i4CH.CHCOOH, m.p. 59, is prepared from a-iodo- 
stcaric acid and alcoholic potassium hydroxide. Potassium permanganate pro- 
duces 2, y Dihydroxystearic Acid, m.p. 120®, and subsequently palmitic acid (C. 
1906, I. 819). 

Erucic Aeid, m.p. 33-34*. b.p.„ 254 s*. occurs 

as its glyceride in rape-seed oil (Brassica campestris), in the fatty oil of mustard 
seed, and in grape-seed oil. By oxidation, cnicic acid yields nonylic acid 
and brassylic acid (B. 24 , 4120 ; 25 , 961, 2667 ; 26 , 639, 838, 1867, R. 795. 811); 
anhydride, m.p. 47-50® (C. 1899, I. 1070). 

Isoeracle Acid, see B. 27 , R. 166, 577, 

Brassldlc Aeid, ^ jj ^ ^19 25b®. is prepared 

from crucic acid by the action of nitrous acid (B. 19 , 3320) and is to erucic acid 

what elaidic acid is to oleic. 

« 

Linoleic and ricinoleic acids, although not belonging to the same 
series, yet closely resemble oleic add. The first is a simple, imsatu- 
rated add, the second an unsaturated hydroxy-add. 

Linoleic Acid, Linolic Acid, CigHsaO,, occurs as its glyceride in 
drying oils, which quickly oxidize in the air, become covered with 
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a skin, and then solidify — e.g. linseed oil, hemp oil, poppy oil, and 
nut oil. In the non-drying oils — olive oil, rape oil from Brassica 
campestris, rape oil from Brassica rapa, almond oil, fish oil, etc. — 
the oleic glycerol ester occurs. ^ 

Various hydroxy-fatty acids are produced when linoleic acid is oxidized with 
potassium permanganate. From the fact that they can be formed, it has been 
concluded that certain other acids exist in the crude linoleic acid (T?. 21 , R. 436 
and 659). On Oleomargonc Actd, as a stereoisomer of linolic acid, obtained 
from Japanese wood oil, sec, C. 1903, II. 657. 


Ricinoleic Acid, C18H34O3 = CH3[CH2]6.CHOH.CH2CH:CH(CH2)7- 
C02H,[a]D=+6*67° (B. 27 , 3471), is present in castor oil in the form 
of a glyceride, [a]n= +3°. The lead salt is soluble in ether. Subjected 
to dry distillation, ricinoleic acid splits into cenanihol, C7H14O, and 
undecylenic acid, C11H20O2. 

Fused with potassium hydroxide, it changes to sehacic acid, C,H,*(CO,H)„ 
and sec.-octyl alcohol, (CjHialCHOH.CHj. It co’nbines with bromine to form 
a solid dibromxde. When* heated with HI (iodine and phosphorus), it is trans- 
formed into iodoleic acid, C^gllg^IO,, which yields stearic acid when heated with 
zinc and hydrochloric acid (B. 29 , eSuo). 

The point of double union between the carbon atoms in ricinoleic acid is 
ascertained as in the case of oleic acid : 

(i) Byconversion into netnostearohe acid, m.p. 53°, (2) .and this into keto- 
hydroxystearic acid, m.p. 84®, (3) finally, by the breaking down of the oxime 
of the latter acid (B. 27 , 3121 ; C. 1900, II. 37). 

Nitrous acid converts ricinoleic acid into isomeric rtcinrlatdtc acid, m.p. 
53® C. (see B. 21 , 2735 ; 27 , R. 629). 

Alkyl ester and Acyl derivatives (B. 36 , 781). 

Rapinic Acid, C,gH340a, occurs as glycerol ester in rape oil (B. 29 , R. 673). 


UnsatTirated Acids, C„H2n-3C02H. 

The acids of this series contain either a trebly linked pair of carbon 
atoms, e.g. like acetylene (p. 86), or two doubly linked pairs of carbon 
atoms, as in the diolefines, Thc^^ arc, therefore, distinguished as acety- 
lene monocarboxylic acids : propiolic acid series and diolefine mono- 
carboxylic acids. 


C. ACETYLENE CARBOXYLIC ACIDS 

Methods of Formation. — (la) By the action of alcoholic potassium 
hydroxide on the brom-addition products of the oleic acids, and (b) 
the monohalogen substitution products of the oleic acids. This is 
similar to the formation of the acetylenes from the di-halogen sub- 
stitution products of the paraffins and the mono-halogen substitution 
products of the olefines. 

(2) From the sodium derivatives of the mono-alkyl acetylenes by 
the action of CO2: 

CH3.C=CNa+C02 = CH8C=C.C02Na. 

like the acetylenes, they are capable of taking up 2 and 4 monovalent 
Atoms, 
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The addition of the constituents of water at the treble bond converts these 
substances into keto-acids Like the j8-keto-acids (^.e.) the ajS-acetylene car- 
boxylic acids (alkyl propiolic acids) lose COs on heating and become converted into 
acetylenes. Boiling with aqueous alkahs produces intermediate jS-keto-acids. 
which break up mto ketones and alkali carbonates (comp C Z903, 11 . 487, 
etc ) 

Ammonia converts alkyl propiohc esters into amides, which give up water 
to phosphoric anhydride, formmg minles Primary and secondary amines, 
when added on to the molecule form B-amtno-acryltc acids , hydrazines form 
pyrazolons A solution of sodium alcoholate or alcoholic potassium hydroxide, 
actmg on esters or nitriles, produce derivatives of B-alkoxy acrylic acids or B-acetal 
carboxylic acid, RC(OC2H5) CHCOOH and RC(OC,Hs), CHaCOOH (C 1904, 
I 659 , 1906, I 651, 912, 1095 , 1907 , 1 25 , 738) 

Propiolic Acid, Propargylic Acid [Pfopine-Acid], CH*CCOaH, mp 6®, bp 
144°, with decomposition, coriesponds with propargyl alcohol (p 125) The 
potassium salt, CaHOaK+HjO is produced from the primary potassium salt of 
acetylene dicarboxylic acid, when its aqueous solution is heated : 


CCOjH 
H:' co,K 


CH 

CCO,K 


+CO,. 


Similarly to the production of acetic acid from malonic acid (p 256). 

The aqueous solution of the salt is precipitated by ammoniacal silver and 
cuprous chloride solutions, with formation of explosive metallic derivatives By 
prolonged boilmg with water the potassium salt is decomposed into acetylene 
and potassium carbonate 

Free propiolic acid, liberated from the potassium salt, is a liquid with an 
odour resembling that of glacial acetic acid It dissolves readily m water, 
alcohol and ether and reduces silver and platinum salts Exposed to sunlight 
out of contact with the air it polymerizes to trimcsic acid: 

3C2TICO2H C,n3(C02H), 

Sodium amalgam converts it into piopionic acid It forms j 3 -halogen acrylic 
acids with the halogen acids (p 294) (B 19 , 543), and with the halogens yidds 
a^-dihalogen-aciylic acids 

Ethyl Lster bp 119® With ammoniacal cuprous chloride it unites to a 
stable yellow coloured compound Zinc and sulphuric acid reduce it to ethyl 
propargylic ester (p 129) (B 18 , 2271) 

Chloropropiolic Acid, CCl C ( O^H, is produced from dichloracrylic acid 
(p 295), and Bromopropiohc Acid, C3BrH02, from mucobromic acid lodo- 
^opiolic Acid mp 140°, is obtained by saponifying its ethyl ester, mp 68®, 
which may be prepared from the Cu compound of propiolic ester by the action 
of iodine 


The three acids decompose readily into carbon dioxide and spon- 
taneously inflammable chloracetylene, CC1=CH, bromacetylene and 
todoacetylene. The addition of halogen acids leads to pp di- 
halogen acrylic acids, whilst the halogens give rise to tnhalogen 
acrylic acids. 

Carbon dioxide converts the sodium compounds of the corre- 
sponding alkyl acetylenes into the following homologues of propiohc 
acid (B. 12, 853 ; J. pr. Ch. [2] 87, 417 ; B. 83, 3586) : the same 
result IS obtained with chlorocarbomc esters (C. 1901, I, J148 ; 
I9<>3. h 824 ; II. 487) : 

RCS:Na4.UCO,C,H| l^C^CCOgCjIU+NaQ. 
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Tetrolic Acid, Methyl Acetylene Car- 


M.P. 

B. P. 

hoxylic Acid 

. . , CH,C==C.CO,H 

76* 

203® 

Ethyl Acetylene Carboxylic Acid . . 

. rHa.CH,.C:"('.CO,II 

80® 

— 

n-Propyl Acetylene Carboxylic Acid . ' 

Cila.I'Ha.CHa.C- r.COjH 

*7“ 

125* 

(20 mm.) 

Isopropyl Acetylene Carboxylic Acid . 

. (CH,),CH.C- C.COjH 

38" 

107® 

(20 mm.) 

n-Butyl Acetylene Carboxylic Acid . 

. CH,.[CH,],C= C.COsH liquid 

136’ 

(20 mm.) 

tort. Butyl Acetylene Carboxylic Acid 

. . (CH,)8C.C=. C.COaTl 

48* 

110® 

(10 mm.) 

Amyl Propiolic Acid . b . . . 

•. . C,Hi,Cr-Cr 0 . 1 l 

5 * 

149® 

(20 mm.) 

Hexyl Propiolic Acid 


-10® 

155® 

(18 mm.) 

Heptyl Propiolic Acid 

. . C^lljgC^ C.COJI 

6-10® 

166° 

(20 mm.) 

Nony] Propiolic Acid 


30* 

— 

Tetradecyl Propiolic Acid . . . 

. nj3i.cii,*|„c c.cOjii 

44 ® 

— 


Of these, Tetrollc Add has been the most thoioui^bly investigated, and is 
obtained from j8-chlorocrotonic acid and /3-chlorisocro tonic acid when t)icsc are 
boiled with potassium hydroxide (A. 345 , 103). At 210° the acid decomposes 
into CO2 and allylcne, C3H4 ( 13 . 27 , R. 751). Potassium permanganate oxidizes 
it to acetic and oxalic acids. It combines with IICI and HBr, forming /8-chloro- 
crotonic acid and jS-bromocro tonic acid (B. 22 , R. 51 ; 21 , R. 243). With bromine, 
in sunlight, it yields dihromocrotonic acid, m.p. 120°, whereas in the dark the 
halogen produces the isomeiic dihromocrotonic acid, m.p. 94° (H. 28 , 1877 » 34 , 
4216). aaj 5 -Trichlorobutyric acid (p. 289), upon the loss of IICI, yields two 
dichlorocYotonic acids, m.p. 75° and 92® (B. 28 , 2665). These two acids arc also 
produced when chlorine acts on tetrolic acid. 

Tetrolic Ethyl Ester, b.p. 164®, forms the amide, m.p. 148°, wuth ammonia, 
together with ) 3 -aminocrotonic ester. An aqueous .solution of the amide, when 
heated with mercuric chloride, becomes hydrated, forming acetoacetic amide : 

CIIaC^CCONHj > CHaCO.CHjCONH*, 

Phenylhydrazine forms the tetrolic ester, phenyl methyl pyrazolone ; diazoacetic 
ester produces a pyrazolc deriv'ative (A. 345 , 100). 

Several higher homologiu s of propiolic acid have been j^repared by the action 
of alcoholic potassium hydroxide on the brom-addition products ol the higher 
olefine monocarboxylic acids (p. 300). 

Undecolic Acid, CH,C:C[rH2],C02H, m.p. 59®, is obtained from undeclyenic 
acid (p. 299). By oxidation, azelaic acid is formed (B. 33 , 3'57i). Isomeiic with 
it is dehydro-undecylenic acid (p. 299). Stearollc Acid, CjHi7C|C[CH2]7C08H, 
m.p. 48® (constitution, see p. 300), is obtained from olcic and elaidic acids. 
Behenollc Acid, C2tH4o02, m.p. 57*5® (constitution, sec p. 300), from the 
bromides of erucic and bnssidic acids (B. 24 , 4116 ; 26 , 640, 1807). On warm- 
ing the last two acids with fuming nitric acid they yield the monobasic acids : 
stearoxylic, or 0,10-diketostearic acid, CHjCCHglTCO.CO'CH m.p. 86®, 
and behenoxylic, or 1^,14-diketobehenic acid, Cn3[CH2]7C0.C0.[CHal„C02H, m.p. 
96® (B. 28 , 27G). 

Sulphuric acid converts stearolic acid into ketostcaric ncid, and bchenolic 
acid into ketobrassidic acid (B. 26 , 1867), whose oxime.s are then converted by 
the sulphuric acid into ('gHi7CO.NH[CH2],C02H (p- 300). (Oxidation, comp. 
Erucic and Brassidie Acids, p. 301.) 
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D. DIOLEFINE CARBOXYLIC ACIDS 


A*.^-Diolefine carboxylic acids are obtained by the two following general 
methods : — 

(1 ) By the condensation of ajS-olefine aldehydes with malonic acid, by means 
of pyridine (B. 35 , 1143)- 

CjHgN 

CH,:CH.CH 04 -CHa(C 00 H)a CHj.CH.CHiCHCOOH+HaO+COa. 

(2) By the condensation of olefine aldehydes or ketones by means of halogen 
fatty acid esters and zinc, and subsequently splitting o^F water from the jS-hydroxy- 
olefine carboxylic esters thus formed, by heating with alkalis (B. 35 , 3633 ; 
36 , 15, C. 1903, II. 555) : 


CH,CH:CH.CHO+BrZnCHaCOaR ^ CH,CH:CH.CH(OH)CHsCOOR 

CH,CH:CH.CH:CH.COOH. 


Some of these acids arc polymerized by barium hydroxide to di- and tri« 
molecular modifications whiqh give up CO*, forming the corresponding cyclic or 
Irimolccular hydrocarbons (B. 35 , 2129) containing an eight-membered ring; 
e.g. from j 3 -vinyl acrylic acid : 


CH*.CH:CH.CHa 

(1h,.CH:CH.(!h, 


= Cyclo-octadienc 


CHa.CHiCH.CHa 

CH .CHiCH.in =Dicyclo-dodecatriene 

Buiadtenc Carboxylic Acid, CH2:CH.CH:CHCOaH, m.p. 102®, is formed, 
together with ethylidene propionic acid (p. 298), by the reduction of Perchloro- 
butadiene Carboxylic i4cid,CCl2:CCl.CCl:CCl.COjH, m.p. 97®, and Perchlorobutine 
Carboxylic Acid, CCI3.C; C.CCla.CO,H, m.p. 127®. These are products of decom- 
position resulting from the two hexachloro-R-pentenes (Vol. II.) on treatment 
with alkali (B. 28 , 1644). 

j8-Vlnyl Acrylic Acld,CH 2 :CH.CH:CHCOOH, m.p. 80®, is produced by condens- 
ing malonic acid and acrolein in the presence of' pyridine, and boiling the resulting 
product with water. .Reduction by sodium amalgam brings about addition 
at the 1,4 bonds (p. 90), forming a) 3 y-pcntenic acid (p. 298). Oxidation with 
permanganate converts it into racemic acid (B. 35 , 1136). It is isomeric with 
buttidiene carboxylic acid, towards Which it may stand in the same relation as 
fumaric acid to maleic acid (private information from Herr Doebner). 

Sorbic Acid, CHsCH-^CH.CH=CH.COOH, m.p. 134*5®, b.p. 228®, is obtained, 
together with malic acid, from the oil in the unripe juice of the berries of mountain 
ash (Sorbus aucuparta) (11S59, A. W. Hofmann, A. 110 , 129). It exists there in 
the form of a lactone, the so-callcd parasorbic acid {q.v.), which is boiled with 
sodium hydroxide or hydrochloric acid (B. 27 , 351). Synthetically, it is prepared 
Irom croton aldehyde and malonic acid with pyridine (Doebner, B. 33 , 2140), 
also from jS-hydroxy-yS-hexenic acid, by boiling it with a 20 per cent, barium 
hydroxide solution (B. 35 . 3636). Oxidation by KMn04 produces aldehyde 
and racemic acid (q.v.), a reaction which reveals the structure of sorbic acid 

(B. 23,2377; 24,85): 

CH,CH =CH.CH =CH.COOH +H ,0 +4O =CHaCHO +COOB (CHOHljCOOH. 

Sorbic Acid. • Racemic Acid. 


Sodium amalgam converts it into Hydrosorbic acid (p. 299). Heated with 
ammonia, sorbic acid yields a diaminocaproic acid ; hydroxylamine brings about 
a peculiar reaction’ resulting in acetyl acetone dioxime (p. 355) (B- 87 , 3316). 
Sorbic Ethyl Ester, b.p. 95®, a-Methyl Sorbic Acid, m.p. a-Lthyl Sorbic Acid, 
b.p. 76®, and fiS-Djmethyl Sorbic Acid, m.p. 93°. are obtained by method 2 (above). 

VOL. I. N 
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y€-Dim$thyl Sorbic Acid, b.p.io 165*, is prepared according to method 1 (p. 305) 
from a-methyl j3-ethyl acrolein and malonic acid. 

Dlallyl Aeetio Aeld, (CHt:CH.CHt)|CH.COtH, b.p. ^27^ is obtained from 
cthyl-diallyl acetoacetate and diallyl malonic acid. Nitric acid oxidizes it to 
tricarballylic acid, (CO,H.CH,),CHC©,H. 

Geranic Acid belongs to the class of olefine dicarboxylic acids. It will be 
described together with the olefine terpene bodies (Vol. II.). 


IV. DIHTDBIC ALCOHOLS OR GLYCOLS, AND 
THEIR OXIDATION PRODUCTS 

The monohydric alcohols, with their oxidation products, — ^the alde- 
hydes, the ketones, and the monocarboxylic acids, with their deriva- 
tives, — ^werc discussed in the preceding section. 

Closely allied to these are the dihydric alcohols or glycols, and 
such compounds as may be considered oxidation products of the 
glycols. 

The glycols are derived from the hydrocarbons by the replacement 
of two hydrogen atoms attached to two different carbon atoms by two 
hydroxyls. In the case of the monohydric alcohols we distinguished 
three classes — primary, secondary, and tertiary alcohols. With the 
glycols the classes are twice as numerous. The compounds, which may 
be considered as oxidation products of the glycols, contain either two 
similar, reactive, atomic groups — e.g. : 
the dialdehydes {glyoxal, CHO.CHO), 
the diketones (diacetyl, CH3CO.COCH3), 
the dicarboxylic acids (oxalic acid, COOH.COOH), 
and therefore exhibit double the typical properties of the oxidation 
products of the monohydric alcohols — compounds of double function ; 
or they contain two different reactive atomic groups in the same 
molecule, and have, therefore, the typical properties of different 
families of compounds. The following bodies 'have such a mixed 
function : 

Aldehyde Alcohols (Glycolyl Aldehyde, CH2OH.CHO). 

Ketone Alcohols (Acetyl Carbinol, CH2OH.COCH8). 

Aldehyde Ketones (Pyroracemic Aldehyde, CH3.CO.CHO). 

Alcohol Acids or Hydroxyacids (Glycollic Acid, CHg.OH.COOH). 
Aldehydic Acids (Glyoxylic Acid, CHO.CO2H). 

Keionic Acids (Pyroracemic Acid, CHa.CO.COOH). 

Four classes — alcohols, aldehydes, ketones, and monocarboxylic acid's — occur 
with the monohydric alcohols and their oxidation products, Avliilst in the case of 
the dihydric alcohols and their oxidation products ten classes of derivatives are 
known. The successive series in which these ten classes will be discussed readily 
follow, if their systematic interdependence be developed similarly to that of the 
univalent alcohols and ^heir oxidation products. 

Monohydric Alcohols and their Oxidation Products. 

la. Primary Alcohols. 2. Aldehydes. 4. Monocarboxylic Acids. 

xh. Secondary Alcohols. 3. Ketones, 

iv. Tertiary Alcohols. 
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Dzhydric Alcohols and tbbir Oxidation PRODticTS* 


la. Diprixnary Olyeols. 


CH,.OH 

CH,.OH 

Glycol. 


lb. Prim. sec. Glycols. 


1C. Prim. tert. Glycols. 

id. Disec. Glycols. 

IS. Sec. tert. Glycols. 
if. Ditert. Glycols. 


2a, prim. Hydroxy- 
aldehydes. 

4. Dialdehydes. 


CHO 

CH.OH 

Glyoolyl Aldehyde. 

CHO 

CHO 

Glyoxal. 

26. sec. Hydroxyalde- 
hydes. 

за. prim. Hydroxyke- 

tones. 

5. Aldehydketones. 

2C. tert flydroxyalde- 
• hydes. 

зб. sec. Hydroxykctones. 

6. Diketones. 

3c. tert. Hydroxykctones. 


ya. prim. Hydroxyearboxylle 
Acids. 

8. Aldehydocarboxylle 
Acids. 

xo. Dlearboxylic Acids. 

COOH 

CH,.OH 

Glycollic Acid. 

CO,H COOH 

• CHO COOH 

Glyoxylic Add. Oxalic Acid. 

76. sec. Hydroxyearboxylle 
Acids. 

9. Ketone Carboxylic 
Acids. 

yc. tert. Hydroxycarboxy- 
lic Acids. 


The dihydric alcohols and their oxidation pioducts will be described 
and discussed in the following order : 

1. Glycols, Dihydric Alcohols. 

2. Hydroxy aldehydes. Aldehyde Alcohols. 

3. Hydroxykctones, Ketone Alcohols. 

4. Dialdehydes. 

5. Aldehyde Ketones. 

6 . Diketones. 

7. Hydroxyacids, Alcohol Monocarhoxylic Acids. 

S. Aldehyde Monocarhoxylic Acids. 

9. Keio-monocarhoxylic Acids. 

10. Dicarhoxylic Acids. 

From the very nature of the conditions there are no compounds in 
any of these series which contain but one carbon atom in the mole- 
cule. However, carbonic acid with its exceedingly numerous derivatives 
will be introduced before the dicarboxylic acids — ^the carbonic acid group. 


Carbonic acid is the simplest dibasic acid ; it is similar, in many respects, to 
the dicarboxylic acids and a special type for such acids, which, like it, only occur 
in an anhydride form. Formic acid, the simplest acid, showing, at one and the 
same time, the character of an aldehyde and a monocarhoxylic acid, might, for 
the very same reason, have been placed before glyoxylic acid, at the head of the 
aldehyde acids. However, it is customary to place formic acid at the head of 
the fatty acids, because the acid nature in it appears more prominently than does 
its aldehyde character. 


I. DIHYDRIC ALCOHOLS OR GLYfOLS 
A. PARAFFIN GLYCOLS 

Wurtz (1856) discovered glycol, and thus succeeded in filling the 
ip between the monohydric alcohols and the triacid alcohol, glycerol, 
[e chose the nan|e glycol to indicate the relation of the new body to 
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alcohol on the one hand and glycerol on the other. Glycols are dis- 
tinguished as a-, P‘, y-, 5 -, etc., according as the hydroxyls are attached 
to adjacent carbon atoms (1,2), or in 1,3-, 1,4-, and 1,5- positions 
respectively. There are also ' diprimary, primary-secondary, etc., 
glycols (consult p. 307). The Geneva names are obtained for the 
glycols by attaching the final syllable ** diol ” to the name of the 
parent hydrocarbon. 

Glycols differ from the monohydric alcohols just as the hydroxides 
of bivalent metals differ from those of univalent metals, or as a dibasic 
acid from a monobasic acid. As a rule, the reactions leading from the 
monohydric alcohols and glycols to their corresponding derivatives 
are very similar. It is only in the case of the two hydroxyl groups 
of the glycols that they are able to pass successively I0 completion, 
and in so doing they give rise first to substances which still show 
the character of a monohydric alcohol. Take ethylene glycol, for 
example : it is capable of forming a mono- and dialkali glycollate, 
corresponding with the alcoholates of the monohydric alcohols, mono- 
and dialkyl ethers, mono- and dihalogen esters, nitric acid esters and 
esters of organic acids, e,g, : 


CH,.OH CHj.ONa CH,.ONa 


CHa.O.CaHj CHa.O.C.Hg 


CHg.OH Clla OH 

Glycol. Mono«.udmin 

Glycollate. 


CHj.ONa CII2OH 

nisodium Glycol Mono-ethyl 

Glycollate. Ether. 


CHg.O.CgHg 
(Hyrol Diethyl 
Ether. 


CHj.a CHjCl 

(!ji,.oh (1h,C1 

Glycol Ethylene 

Chlorhydrin. C blonde. 


CHj.O.COCHg 

([hs.OH 
Glycol Monacetate. 


CH,.O.COCH, 

(iHj.O.COCH, 

Glycol Diacetate. 


All the mono compounds also exhibit the character of monohydric 
alcohols ; they and the di- compounds, which have been mentioned, 
can be obtained from the glycols by the same methods as the corre- 
sponding transposition products of the monohydric alcohols. 

The sulphur- and nitrogen-containing derivatives of the glycols 
correspond with like derivatives of the monohydric alcohols : 

ClIg.SH CH3SII CHa.XlIa CH,.NH, 

I I I I 

CHg.OH CHgSH CHg.OH 

Monothio-glycol. Dithio-glycol. Hydroxyethylaraine. Ethylf'nc Diamine. 


The aldt liydes have been repeatedly spoken of as the anhydrides of 
dihydric alcohols, in which the two hydroxyl groups are joined to the 
same carbon atom, and which can only exist under special conditions. 
Yet, the ethers or acetals, esters and other derivatives of these hypo- 
thetical compounds are stable. These bodies are naturally isomeric 
with the corresponding derivatives of the dihydric alcohols, in which 
the hydroxyls are attached to different carbon atoms. The following, 
for example, are isomeric : — 


CH,.CH<Q;^|g* ‘Acetal and 

Ktlivlidene Diacetate and 
Aldehyde Ammonia and 


CHj.O.C.H, 

CH,.O.COCH, 

CHjOU ^ , . 

CH.NH. 
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The cyclic derivatives of the glycols are extremely characteristic. 
Thus, glycol yields two cyclic ethers ; 


CH,. CH,.O.CH, 

I >0 Ethylene Oxide. I | Diethylene Oxide, 

CH,/ CH,.O.CH, 

and also sulphur- and nitrogen-compounds coiTespoiiding with diethy- 
lene oxide : 

ClI,. CH,.NH.CH, CH,.S.CH, CH,.NH.CH, 

I >NH II II II 

Cll/ CH,.NH.CHj CH,.S.CH„ CH,.O.CH, 

Ethylene lmide> Dietbylene Imide. Diethylene Disulphide. Diethylene Imide Oxide. 

Methods of Formation . — ^The first three methods are concerned with 
the olefines, and lead, according to the constitution of the latter, to 
glycols of every description. 

The halogen addition products of the olefines — the alkylene halides 
— may be regarded as the Jjalogen acid esters of the glycols. When these 
are acted on by alkalis, witli the purpose of /exchanging hydroxyl 
for their halogen, by loss of halogen acid, they pass first into 
monohalogen olefines and then into acetylenes. It was Wurtz who 
observed that it was only necessary to treat the alkylene halides with 
acetates in order to reach the acetic esters of the glycols, and then, 
by saponification with alkalis, to obtain the glycols. 

(i) By heating the alkylene halides (p. 94) with silver acetate and 
glacial acetic acid, or with potassium acetate in alcoholic solution : 


CHJ 

CHjI 


.CH,- 


COOAg _ CH.OCOCH, j 


Ethylene Diacctate. 


Inasmuch as the alk5denes are prepared from monohydric alcohols 
by withdrawal of water, and are transformed by the addition of 
halogens into alkylene halides, the preceding reaction may be regarded 
as a method of converting monohydric alcohols into dihydric alcohols 
or glycols. The resulting acetic esters are purified by distillation, and 
then saponified by KOH or barium hydroxide solution (C. 1899, 1 . 968) : 


CH.OCOCHj KOH CHjOH 
I 4- = I +2CH,C00K. 

CHjOCOCHs KOH CHjOH 


A direct conversion of alkylene halides into glycols may be attained by heating 
them with water (A. 186, 293). with water and lead oxide, or sodium and potassium 
carbonates. 

(2) Another procedure consists in shaking the alkylenes. C„H,„, with aqueous 
hypochlorous acid, and afterwards dectunposing the cldorhydrins formed with 
moist silver oxide : 


CH, OH CH.OH 


AgOH^ CHaOH 


CH, Cl CH,C1 CH.OH * 

(3) By the oxidation of the olefines (a) in alkaline soh^tion (p. 84) (Wagner, B. 
21» 1230) with potassium permanganate, or (6) with hydrogen peroxide. Thus, 
ethylene yields ethylene glycol; isobutylene, isobutylene glycol, (ClI|)t.C(OH).« 
CH,.OH 2 

CH, CH,.OH 

+0+H,0 - I 
X. CH,.OH 
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(4) By the action of nitrous acid on diamines (p. 163). As they 
can be obtained from the corresponding nitriles of ^basic acids, and 
the nitriles themselves from alkylene halides, these reactions not 
only ally the classes of derivatives mentioned, but they afford a means 
of building up the glycols : 

CHoBr * ( H,CN CH.CHjNH* GHjCH^OH 

CHj ^ CH, > CHa ^ CH, 

CH,Br CH,CN CHaCH,NHa CHaCH.OH 

Trimethylene frimethylene Pentamethylene Pentamethylene 

Bromide. Cyamde. Diamine. Glycol. 

Besides the normal glycols, isomeric glycols are sometimes obtained, 
as well as olefine alcohols and diolefines (B. 40 , 2589). 

(5a) By reduction of aldehydes or keto-alcohols, dialdehydes or 
diketones. 

By this means the a-keto-alcohols but3n:oin and caproin (p. 342) 
yield the slereoisomeric foims of 4,5-octaiie-diol and 6,7-decanedo- 
diol ; aldol (p. 338) gives ay-butylene glycol ; y-acetobutyl alcohol 
(p. 342) gives 1,5-hexane-diol, and acetonyl acetone (p. 351) yields 
2,5-hexane-diol. 

Akin to these reactions is the formation of glycol by the conden- 
sation of isobutyl alcohol, alone or when mixed with other aldehydes, 
by means of alcoholic potassium hydroxide. An aldol (p. 338) is first 
formed, of which the aldehydic group is acted on by excess of butyl 
aldehyde producing a monobutyrin of the 1,3-glycol (comp. p. 194), 
which in turn is decomposed by hydrolysis into the glycol and iso- 
butyric acid (M. 17 , 68 ; 19 , 16) : 


3(CHj),CH.CHO 


(CH,),CH.CH(OH) CH(CH3)2 
(CH,),C CHjO CO 


(CH3)aCH.CHOH 


(CH 

CH(CH3)3 
4* I 

COOH. 


.)i. 


CH.OH 


(56) By the reduction of dicarboxylic esters or amides by sodium 
and alcohol (C. 1905, II. 1701). 


(CH3),C.C0,R 

in. 


_CO,R 

un5ym.-Dimethyl 
Sucrinic Ester 

CH,.CH,.CH,.CONHij 


<!hj. 


CH,.CH, CONH, 

Subenc Ainidel 


(CH,),C.CH,OII 

^ <!:h,ch,oh 

•-Dimethyl Tetramethylene 
Glycol 

CH3.CH3 CHjCH.On 


CHj CH* CHXHjOH. 

Octomethylene Glycol. 


Lactones, the cyclic esters of y-, 8-, or e-hydroxy-carboxylic esters, 
are al^ reduced to glycols by sodium and alcohol (B. 39 , 2851) ; 
similarly, / 3 -ethoxyl propionic ester yields the ethyl ether of trimethyl- 
ene glycol (C. 1905, 1 . 25). 


Nucleus Synthetic Methods 

(6a) Aldehyde alcohols, diketones, keto-carboxylic esters, dic^- 
boxylic esters, all react with alkyl magnesium halides (p. 185) forming 
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glycols, accompanied by the entry of an alkyl group (B. 86, 2138 ; 
C. 1904, 1 . 578 ; 1906, II. 1639 : 1907, 1 . 627) : 


CH,CH(OH) 


CH,Mg^CH,.CH(OH) 


CHjCHO CH,CH(OH)CH, 

Aldol Dimethyl Trimethylene Glycol. 

CHjCOOCaHs 4CH3Mgi CH,C(CHa),OH 

1 ^ I 

CHaCOOCaHs CHaC(CH,).OH 

Sucdnic Ester. Tetramethyl Tetramethylene Glycd. 


By the same reagent alkoxy-ketones and aikoxy-carboxylic esters 
are converted into monoalkyl ethers of the glycols (C. 1904, I. 504). 
Similarly, lactones 5deld primary-tertiary glycols (C. 1907, I. 708). 

(6h) The action of metals, such as sodium or magnesium, on many 
halogen-hydrin compounds of the ethers, either alone or mixed with 
halogen methyl alkyl ethers (p. 206), is to build up the ethers of the 
higher glycols from lower members (C. 1903, I. 453 ; 1904, 1 . 1401) : 

Na • 

2C,H50.CHaCHjCHtI ^ C.HgOCCHal.OC.Hj > HO[CHa],OH 

y-Phenoxypropyl Iodide. Hexamcthylene Glycol. 

C,H„0[CH,] ,Br +BrCH,OC,Hn C,H„0[CH J ,OC,H„ > HO[CH J.OH 

Amyloxypropyl Tetramethylene 

Bromide. Glycol. 


The monoalkyl ethers of the glycols can be obtained by the similar 
reaction of chloromethyl alkyl ether on ketones in the presence of 
magnesium or other metals (C. 1907, I. 681). 

(7) Ditertiary glycols result, together with secondary alcohols, in 
the reduction of ketones (p. 230). In this manner pinacone or tetra- 
methyl ethylene glycol (p. 313) wns made from acetone (Friedel) : 


2(CH,),CO-f2H 


(CH,)* COH 
(CH,),.COH 


(8) A few glycols have been obtained in the form of their dialkyl 
ethers by the electrolysis of aikoxy-carboxylic acids. This is similar 
to the production of ethane from potassium acetate (p. 73, and C. 
1905, I. 1698). 

Properties, — ^The glycols are neutral, thick liquids, holding, as far 
as their properties arc concerned, a place intermediate between the 
monohydric alcohols and trihychric glycerol. The solubility of a 
compound in water increases according to the accumulation of OH 
groups in it, and becomes correspondingly less soluble in alcohol, 
and especially in ether. There will be also an appreciable rise in the 
boiling point, whilst the body acquires at the same time a sweet 
taste, inasmuch as there occurs a gradual transition from the hydro- 
carbons to the sugars. In accord with this, the glycols have a sweetish 
taste, are very easily soluble in water, slightly soluble in ether, and 
boil much higher (about 100®) than the corres^ionding monohydric 
alcohols. As the number and dimensions of the alkyl groups grow, the 
higher homologues become increasingly soluble in ether, and the taste 
becomes sharper and, in some cases, burning. 

Behaviour, — (i) Towards dehydrating agents : (a) The 1,2- glycols, 
when heated wiJth zinc chloride, PgOg, dilute acids or even water at 
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high ’temperatures, are converted into aldehydes or ketones, e.g. 

CH3CH(0H)CH20H ^ CH3.CH2.CHO and CH3COCH3 (see also the 

transformations of the glycols and changes of the pinacones pp. 216, 
313). (6) The 1,4- and 1,5-gIycols yield cyclic oxides (p. 316). 

(c) The 1,3-glycols form cyclic oxides and also aldehydes and ketones 
(M. 28, 60). 

(2) Many glycols, especially the primary, when oxidized, pass into 
the corresponding oxidation products (see Ethylene Glycol) ; others 
break down with fracture of the carbon chains. 

(3) On the reactions with halogen acids, nitric acid, concentrated 
sulphuric acid, acid chlorides, and acid anhydrides, see esters of the 
glycols (p. 319). 

I. Ethylene Glycol, Glycol, [1,2-Ethane diol], CH2OH.CH2OH, m.p. 
—11*5®, b.p. 197*5°, I)o=i'i25, is miscible with water and alcohol. 
Ether dissolves but small quantities of it. 

It may be obtained from ethylene through ethylene bromide, ethyl- 
ene chlorhydrin (general method of formation, p. 309) or by direct 
oxidation ; and also from ethylene oxide by the absorption of water : 


CH, 

CH, 


> 0 +H ,0 = 


CHa.OH 

CHa.OH 


Preparation . — A mixture of ethylene bromide, potassium carbonate and water 
is boiled under a reflex condenser, until all the bromide is dissolved (A. 192 , 240, 
250). Or the ethylene bromide may be converted by heating with anhydrous 
potassium acetate into glycol diacetate, which yields glycol when hydrolyzed 
with alkali hydroxide (B. 29 , R. 287 ; C. 8991, I. 968). 


Behaviour. — (i) On heating ethylene glycol with zinc chloride to 
250® water is eliminated and acetaldehyde and crotonaldehyde are 
formed ; at 210® with water, only acetaldehyde results. 

When ethylene glycol is distilled with 4 per cent, concentrated 
sulphuric acid, not only acetaldehyde and ethylidene ethylene ether 
(P- 317) ^re formed, but also Dieihylene Oxide. Further treatment 
with sulphuric acid or zinc chloride results similarly in the production 
of acetaldehyde : 


CH,OH CH,— O— CHj 

2| I I 

CHjOH CII,— O-CH, 


CH. O—CH, CH, HOCH, 

I — I + I 

CH— O— CH, CHO HOCH, 


(2) Nitric acid oxidizes glycol to glycollic acid and glyoxal, glyoxylic 
acid and oxalic acid. The first oxidation product, glycol aldehyde 
(^.v.), is further oxidized too rapidly to be identified : 


CHj.OH 
in, .OH 

Glycol. 


COOH 

> I 

CH,OH 

Glycollic Acid.' 


CHO COOH COOH 

I ^ I ^ I 

CHO CHO COOH 

Glyoxal. Glyoxylic Acid. Oxalic Add.’ 


(3) When glycol is heated with potassium hydroxide to 250®, 
it is oxidized to oxalic acid with evolution of hydrogen. 

(4) Heated to 160® with concentrated hydrochloric acid, glycol 
chlorhydrin results, which at 200® is converted into ethylene chloride. 

(5) The latter is also produced when PCI5 acts on glycol. 
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(6) A mixture of nitric and sulphuric acids changes glycol into glycol 
dinitrate, 

(7) Concentrated sulphuric acid and glycol yield glycol sulphate. 

(8) The acid chlorides or acid anhydrides produce mono- and di- 
esters of glycol. 

Glycollates : 

Metallic sodium dissolves in glycol, forming sodium glycollode, 

(at 1 70°) disodium glycollcde, C2H4(ONa)g. Both are white, crystalline substances, 
regenerating glycol with water. The alkylogens convert them into the corre- 
sponding ethers. • 

Polyethylene Glycols : 

Ethylene oxide absorbs water and becomes glycol. The latter and ethylene 
oxide unite at ioo° in varying proportions, thus yielding the polyethylene glycols : 

CII2. CHgOH /CH2CH2OH 

( ^ 0+1 --O^ Diethylene Glycol, h.p. 

Cllg^ CH2OH ('H2CH2OH 

CH,. CH2OH Cli;-- O— CHaCHaOll 

2 I 1 — I Tfiethylene Glycol, b.p. 287*. 

tll,/ CUjOH CH,— O— CH,ClI..OH 

etc. 

The polyglycols are thick liquids, with high boiling points. They behave like 
the glycols, hthev-aetds may be obtained from them by oxidation with dilute 
nitric acid ; thus dtglycolhc acid {q.v.) is formed from ditthylenc alcohol. 

There are two scries of homologues of ethylene glycol ; the one 
resulting fioin alkyl substitution, and the other, including the 1,3-, 
1,4-,1,5-glycols, etc., produced by the insertion of an alkyl group 
between the carbinol groups. 

11 . Homologous 1,2-glycols. 

a-Propylene Glycol, Methyl Ethylene Glycol [Propane diol-1,2], 
CH3.CH{0H).CH2.0H, b.p. 188", Do=i'oi 5, is obtained from pro- 
pylene bioniide or chloride. It is most readily prepared by distilling 
glycciol with sodium hydroxide (B. 13 , 1805). Platinum black oxidizes 
il to ordinary lactic acid. Only acetic acid is formed when chromic 
acid is the oxidizing agent. Concentrated hydriodic acid changes it 
to isopropyl alcohol and its iodide. Heated with water at about 190® 
it yields propylaldehydc and acetone. It contains an asymmetric 
carbon atom, and when exposed to the action of the ferment Bacterium 
termo, becomes optically active (B. 14 , 843). 


a-Butylene Glyi ol, Ethyl Ethylene Glycol, CjHgCl^OII).-' 
CH2OH, b.p. 192^. 

gy-Butylene Glycol, sym -Dimethyl Ethylene Glycol, 
CiI.,CH(OH).CH(OH).Cll3, b.p. 

Isobutylene Glycol, Musym.- Dim ethyl Ethylene Glycol, 
(Cll3)2C(OH).CIl2(OH). b.p. j 

a-Isoamylene Glycol, Isopropyl Ethylene Glycol,\ 
(CHsla^ H.CHCOHl.CHjOH, b.p. 206“. 

fd-Isoamylene Glycol, Trtmcthyl Ethylene GlycoL 

(Clf,)aC(OH).CH(OH)CHa. b.p. 177". 

p-Amylene Glycol, sym.- Ethyl Methyl Ethylene Glycol, 
C,H,CH{OH)CH(OH).CH„ b.p. 187“. I 


Are obtained from the 
corresponding butyl- 
ene bromides. 


Are obtained from the 
corresponding amyl, 
cne dibromides. 


Pinacone, Teiramethyl Ethylene Glycol, (CHj)j.C(0H).C(0H).(CHg)2-|-6H20, 
m.p. 42®, anhydrous, m.p. 38®, b.p. 171-172®, is formed, together with iscmropyl 
alcohol, when sodium or magnesium and mercuric chloride (C. 1906* IL 148) 
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act on 'acetone ; or by electrolysis (B. 21 , 454 ; C. 1900, II. 794) (see method 
of formation. No. 8, p. 31 1). Further, by the action of IMgCH, on diacetyl 
or oxalic ester (mode of formation. No. 6a). It crystallizes from its aqueous 
solution in quadratic plates (hence the name, from iriya^, plate), and gradually 
effloresces on exposure. ' 

In common with other ketones (p. 216), dilute sulphuric or hydrochloric acids 
cause it to lose water and undergo intramolecular change, forming pinacoline 
or tert.>butyl methyl ketone (p. 224). An isomer of this substance exists — 
teUramethyl ethylene oxide (p. 318), which very readily absorbs water forming 
pinacone. 

Similarly to pinacone, a whole series of tetra^dlkylated ethylene glycols can be 
prepared by reduction of aliphatic ketones, known collectively as Pinacones, 
which behave towards dilute sulphuric and hydrochloric acids as pinacone itself 
does. Comp. Methyl Isopropyl Pinacone, C. 1903, II. 23. 

sym.-Dipropyl Ethylene Glycol [Octane diol-4,5], C,H,CH(OH).CH(OH)CaH|, 
occurs in two modifications; a-form, liquid, b.p.,o 115-120®, fl-form, m.p. 125^ 
and is prepared by reduction of butyroin (p. 342) by sodium and alcohol. 

sym.-Dipentyl-ethylene Glycol [Dodecane diol-6.7]. a>form, m.p. 54^, b.p.ig 
X55 ~i6o** ; p-tovm, m.p. 136^ is produced when capronom is reduced by sodium 
and alcohol (C. 1906, II. XXI4). 

III. 1,3-oiycois. • 

Trlmethylene Glyeol [Propane diol-1,3], CH,OH.CH,CH,OH, b.p. 216°, 

1*065, is obtained from trimcthylene bromide (B. 16 , 393) ; or by the fermenta- 
tion of glycerol by Schizomycetes, together with w-butyl ^cohol (B. 20 , R. 706). 
It is isomeric with a-propylene glycol. Moderate oxidizing agents produce 
fi-Hy dr oxy propionic Acid or Hy dr aery lie Acid; sulphuric acid changes it intopro- 
pionaldehyde and acetone (C. 1904, I. 1401). 

^•Butylene Glycol, p-Methyl Trimethylene G/yco/ [Butane diol-1,3] CH3CH(OH)- 
CHjOH, b.p. 207°, is obtained by the reduction of aldol (p. 338); 50 per cent, 
sulphuric acid converts it into butyl aldehyde and methyl ethyl ketone (comp, 
p. 312. and C. 1904, I. 1400). 

y-Isoamylene Glycol, aa~Dimethyl Trimethylene Glycol, (CHa)aC(OH).CHaCHj- 
OH, b.p. 203®, is obtained from the bromide (B. 29 , R. 92). 

^ym.~Dimethyl Trimethylene Glycol [Pentane diol-2,4], CHjCH(OH)CH,CH- 
(0H)CH3, b.p. 199®, is prepared by reduction of hydracetyl acetone (p. 342) ; and 
by the action of magnesium methyl iodide on aldol (C. 1904, 1 . 1327 ; B. 37 , 4730). 

aayTrimethyl Trimethylene Glycol, a,^-lsohexylene Glycol, (CHj),C(OII)CHj- 
CH2CH(0H)CH3, b.p. 194®, is obtained by reduction of diacctone alcohol (p. 342). 

sym.-Tetramethyl Trimethylene Glycol, (CH,)aC(OH).CH3.C(OH)(CH3)a, b.p.is 
98®, results from the action of CHaMgl on diacetone alcohol (C. 1902, I. 455 ; 
B. 37 , 4731 ). 

A series of higher homologues of the 1,3-glycols is obtained from the con- 
densation of isobutyl aldehyde with other aldehydes, such as the isobutyl aldols, 
by means of alcoholic potassium hydroxide (method of formation No. 5a, p. 310). 

/3/3-Dimethyl Trimettaylene Glycol, Pentaglycol, (CH3),C(CHjOH)3, m.p. 129®, 
b.p. 206®. Heated with HjSO* it forms isovaleric aldehyde, isopropylmethyl 
ketone and a cyclic oxide (C. 1900, II. 36). app-Trimethyl Trimethylene Glycol, 
CH,(OH)C(CH8),CH(OH)CH,, b.p. 207®, and aPP-Ethyl Dimethyl Trimethylene 
Glycol, m.p. 8i®, are obtained from isobutyl aldehyde, and acetaldehyde 
and propionaldehyde, respectively. aPP-Jsopropyl Dimethyl Trimethylene Glycol, 
CH,(^0H)C(CH8)3CH(0H)C,H,, m.p. 51®, b.p. 223®, is prepared from isobutyl 
aldehyde alone. This substance on oxidation yields first a hydroxy-acid and 
then diisopropyl ketone. 

sym,»Tetramethyl p~ Ethyl Trimethylene Glycol, (CH8)jC(OH)CH(CjH5)C(OH)- 
(CHs)!, b.p.ij 128®, is obtained from ethyl acetoacetic ester and CH^Mg! (mode 
of formation 6a, p. 310) ^C. 1902, I. 1197). 

IV. 1,4-Olycoh. 

Tetramethylene Glycol, [Butane diol-x,4], HO.CH3.CH3.CH3CH3OH, b.p. 
202-203®, D=si'ozx, is prepared from tetramethylene dinitramine and sulphunc 
acid (B. 28 , R. 506); also, by reduction of succinic dialdehyde (p. 347). by 
aluminium amalgam. It possesses an unpleasant odour of Icpks (B. 85 , 1x87). 
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The Diamyl Ether results from the dectrolysiB of the potassium salt of jS-amyloxy- 
propionic acid (C. 1901, I. 613 ; 1905, I. 1698). 

orMethyl Tetvamethylene Glycol^ (Pentane diol-1,4), 

OH, b.p.,* 123-126®, with partial decomposition into y-pentylene oxide and water. 
It is obtained from acetopropyl alcohol (C. 1903, II. 531) and from y-valerolactone 
by reduction (B. 39 , 2851). 

a-Dimethyl Tetramethylene Glycoi^ 1,4-Isohexylene Glycol, (CH,)2C(OH)CH,- 
CHjCHgOH, b.p. 222®, results from the action of CH,MgI on butyrolactone (C. 
1907, I. 708). 

P^Dimethyl Tetramethylene Glycol, CH|(0H)C(CH,),CH,CH20H, b.p.i* 
is produced from unsym.-dimethyl succinic ester by reduction with sodium and 
alcohol (1905, II. 178). 

aS-Dimethyl Tetramethylene Glycol, a,$-Hexylene* Glycol, [Hexane diol-2,5] 
CH3CH(0H)CH2CH2CH(0H)CH8, b.p. 217®, is easily obtained by the reduction 
of acetonyl acetone by sodium amalgam (B. 85 , 1335). 

.V. 1,5-OlycolB. 

Pentamethylene Olyeol, [Pentane diol-1,5], HOCHg.CHs.CHsCHtCHiOH, 
b.p. 239®, Dig 8=0*994, is obtaiined from pentamethylene diamine (mode of formation 
4» p. 310) (B. 40 , 2559). Diajnyl Ether is prepared from 8-amyloxybutyl bromide, 
magnesium and bromomethyl amyl ether (mode of formation 6b., p. 311 ) (C. 1904* 
11 . 5 « 7 ). 

a-Meihyl Pentamethylene Glycol, [Hexane diol-1,5], CHgCH(OH)[CHg]gCHgOH, 
b.p.yjg 233®, is produced from acetobutyl alcohol (p. 342). 

VI. 1,6-, 1,7-, i,8-Glycol8, etc. 

The melting points of these polymethylene glycols appear to foUow the same 
rule as those of the normal paraffin mono- and di-carboxylic acids and other 
homologous senes (p. 48), namely, that those of members possessing an odd 
number of atoms lie lower than those of the neighbouring even-numbered members 
(C. I 904 f II. 1698). 

Hexamethylene Glycol, [Hexane diol-1,6], HO[CHg]gOH, m.p. 42®, b.p. 
250®, is prepared from hexamethylene dibromide or diacetate ; and from adipic 
ester by reduction. Dialkyl Ether is obtained from y-alkoxypropyl halides by 
the action of sodium (methods of formation 66 and 8 (p. 31 1); and from 
y-ainyloxy butyric acid by elcctiolvsis (B. 27 , R. 735 ; C. 1905. I. 1698 ; II. 1701). 

Heptamethylene Glycol, Diethyl Ether, CgHgO.tCHJyOCjHg, b.p. 225®, results 
from the interaction of 6-ethoxyhcxvl iodide, magnesium and iodomethyl ethyl 
ether (mode of formation 6b, p. 31 1) (C. IQ06, I. 443). 

Octomethylene Glycol, [Octane diol-T,8], HO[CH2]gOH, m.p. 60®, b p.g 162®. 

Enneamethylene Glycol, [Nonane diol-1,9], H0[CH2l90H, m.p. 45®, b.p.^g 177®. 

Decamethylene Glycol, [Dccane diol-i.io], HO[CHa]ioOH, m.p. 70°, b.p., 5 179®. 
These glycols are obtained from dicarboxylic esters or amides by reduction 
(mode of formation 56, p. 310) (C. 1904, I. 1399 ; 1905 > H. 1701)* 


B. UNSATURATED GLYCOLS, OLEFINE GLYCOLS, ACETYLENE GLYCOLS 

% Unsaturated dihydric alcohols have been but slightly investigated. The 
simplest representatives possible theoretically arc not known, and probably are 
not capable of existing. 

See p. 318, upon the view of furfurane as an oxide of an unknown, unsaturated 
glycol. Also consult acetonyl acetone (p. 351). 

v&o-Dipropionyl, ieo^dibutyryl, isO’diisdbutyryl, and iso-diisoualeryl are 
oleflne glycol derivatives. They resulted from the action of metallic sodium on 
an ethereal solution of propionyl chloride, butyryl chloride, and isobutyryl 
chloride, and iso-valeryl chloride. They are esters ci alkyl acetylene glycols 
IKhnger and Schmitz, B. 24 , 1271 ; B. 28 , R. 1000 ; J. pr. Ch., [2], 68, 3 ^ 4 ). 

C2Hg.C.OCOC*Hg 

Diethyl Acetylene Glycol Dipropionate, Dtproptonyl, ^ C.OCOC H ' 

* * C H C.OCO C H 

io8®. Di-n~propyl Acetylene Glycol Dibutyrate, Dihutytyl, 



ORGANIC CHEMISTRY 


316 

b.p.ia , 119-130*. DHsobutyl Acetylene Glycol Diisovalerate, Diisovaleryt, 
(CH,),.CH.CH,.C-OCOC«H, ^ ^ ^ 

(CH,)..CH.CH..C-O.COC.H.* ’’ P- *«-*«“* ^^ty™*** isovalerom, the 

corresponding a-ketonc alcohols (q.v,\ are produced, and not the alkyl acetylene 
glycols, when these three compounds are saponified. The diocetaie, CHjC- 
(OCOCHa) : C(OCOCIIs)sCH„ is produced from the di-sodium salt of acetofu 
(P- 341) and acetyl chloride. 

Hexa-di-ine diol, CHg(OH)C ;C— C-C.CHa-OH, m.p, iii®, is a diacetylene 
glycol. It is formed by the oxidation of the precipitate from propargyl alcohol 
and ammoniacal cupric chloride with potassium ferricyanide (C. 1897, 1, 281 ; 
11. 183). 


GLYCOL DERIVATIVES 


I. ALCOHOL ETHERS OF THE GLYCOLS 


A. The alcohol ethers of the glycols are prepared (i ) from the metallic glycolates 
and alkyl iodide : • 


CHaONa 

I -fCaH,I=NaI -f- 

CHaOH 
CHaONa 

I + --=2NaI-f 


CHaOCaH, 

^HjOH 

CH,OC,H, 


Glycol Monoethyl Ether, b.p. 127® (B. 85, 

3299). 

Glycol Diethyl Ether, b.p. 123®. 


ClIaONa CaHfil CHaOCaHj 

(2) The monoalkyl ethers of ethylene glycol result from the combination of 
ethylrne oxide and alcohol. 

(3) Didlkyl ethers can be obtained synthetically by means of the methods of 
formation bh and 8 (p. 311) : 

(a) From halogen-substituted ethers RO[CH2]n X and Na or Mg ; 

(t>) From ketones with chloromethyl alkyl ethers and magnesium ; 

(c) From alkoxy ketones and alkoxycarboxylic esters with magnesium 
alkyl halides. 

{d) From alkoxy fatty acid salts by electrolysis. Hydriodic acid de- 
composes the neutral ethem into iodoalkyls and glycols (Ji. 26, 
R. 719). which arc converted into alkylcne iodidf^s by excess of III. 
Hydrobromic acid in the cold converts glycol dialkyl ether into the biomo- 
hydrins of the mono-alkyl ether, RO[CH2lnBr (C. 1904, I. 1400). 

The mono-alkyl ethers of tertiary- primary 1,2-glycols* arc changed into alde- 
hydes by the action of agihydrous formic or oxalic acid (comp. p. 192). 

The polyethylene alcohols are most closely ^elated to the alcohol ethers. 
They have been already considered after ethylene glycol (p. 312). Diethylcne 
glycol bears the same relation to glycol as ethyl ether to ethyl alcohol : 




, Diethylene Glycol 

(First Ether of Glycol). 


0 <cn’:cii‘’ ^^^vlEtAer. 


B. Cyellc Ethers of the Glycols, Alkylen Oxides. 

Diethylene Oxide, O'Neil* second ether of 

glycol (see above, Diethylene Glycol). Itisobtainedfromthered, crystalline bromine 
addition product of ethylene oxide, (CjH40)gBr„ m.p. 65®, b.p. 95®, when it is 
treated with mercuric oxide. It is also prepared by heating glycol with con- 
centrated sulphuric acid (p. 312). It unites with bromine, forming the above- 
mentioned dtbromide ; with iodine, to a diiodide, m.p. 85® ; and with sulphuric 
acid it forms a sulphate, Ai.p. loi®. Thus, it forms double compounds or oxonium 
salts similar to those of the simple ethers (p. 126) (C. 1907. I. 1103). It is de- 
composed into acetaldehyde and glycol when heated with sulphuric acid (p. 312). 

CR O 

Ethylene Methylene Ether, Glycol Methylene Acetal, b.p. 78®, is 

Lrli.O 

Obtained from trioxymethylene, ethyleneglycol and ferric chloride (B. 28 , R. 109), 
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or S3mipy phosphoric acid (C. 1899, I. 919). Also from’ glycol, fomialdehyde 
and hydrochloric acid (C. 1900, II. 1261). Ethylene Ethylidene Ether, 

b.p. 82 ’5®, results from the union of ethylene oxide and acet- 
aldehyde (comp. p. 312). Diethylene oxide is a cyclic double ether. For the 
preparation of this class of substance the 1,3-glycols seem also to be suitable (M. 28, 
67). Simple cyclic ethers or glycol oxides are also known ; and a third ether. 

Ethylene Oxide, (WMz), is also derived from glycol. 

The simple cyclic ethers of the glycols, the alkylene oxides, are readily pro- 
duced in various ways, depending upon whether the two OH-groups are attached 
to adjacent carbon atoms or not. Alkylene oxides, in which the O-atoms are 
in union with adjacent carbon atoms, are termed the a-alkylene oxides, whilst 
the others arc the fi-, y~, 8-alkylene oxides. (i) Ethylene oxide itself and the 
ethylene oxides, as well as the jS-alkylene oxides (trimethylene oxide), are pre- 
pared by the action of potassium hydroxide on the chlor- or hrom-hydrins, the 
monohaloid esters of the respective glycols : 


CH,.OH 

CH*C1, 


CH 

+koh=.h 


*>0+KrifH,0. 


(2) The y and S-alkylcne oxides {y-pentylene oxide, pentamethylene oxide), are 
formed when the glycols are heated with sulphuric acid (B. 18, 3285 ; 12, 2843 ; 
M. 23, 67) : 


CII 


XHa.CH*OH 


H2SO4 XIIa.CH 



XHo.CH 


’)>0+H,0. 


The a-glycols, under like treatment, lose water and yield either un- 
saturated alcohols, aldehydes, or pinacolmes, depending upon their constitution 
(pp. 192. 216. 312). 

The ethylene oxide ring is easily ruptured, hence ethylene oxide enters into 
addition reactions quite as freely as its isomer acetaldehyde. The rings of 
tetra- and pentamethylene oxides, however, are far more stable. These can 
only be broken up by the halogen acids. 


Ethylene Oxide, b.p. 12*5°, 0.0=0-898 , isomeric with acet- 

aldehyde, CH3.CHO, is’a pleasantly smelling, ethereal, mobile liquid, 
with a neutral reaction, yet able gradually to precipitate metallic 
hydroxides from many metallic salts. 


CII ® 

MgCl , +2 ■ „’>0 + 2II ,0 - 27, 


CH, 




CHoCl 


"OH 


Ethylene oxide is characterized by its additive power, (i) It combines with 
water and slowly yields glycol, (z) Nascent hydrogen converts it into ethyl 
alcohol. (3) Ihe halogen acids unite with it to form halogenhydrins, the mono- 
haloid esters of the glycols ; hydrofluoric acid is, however, an exception (C. 1903, 
I. II). (4, a) With alcohol it yields glycol monoethyl ether; (6) with glycol 
it forms dicthylcne glycol ; (c) and with the latter it combines to tricthylene 
glycol. (5) It forms ethylene alkylidcne ethers (p. 316) with aldehydes. (6) 
Acetic acid and ethylene oxide form glycol monacetate, and (7) with acetic anhy- 
dride the product is glycol diacctate. (8) Sodium bisulphite changes it to sodium 
isclhionate. (9) Ammonia changes ethylene oxide tq hydroxyethylamine. (10) 
With hydrocyanic acid it forms the nitrile of ethylene lactic add or hydracrylic acid, 
from which hydrochloric acid produces the ethylene lactic acid itself. ( 1 1 ) Ethylene 
oxide unites with sodium malonic ester (see Hydroxethyl Malonic Ester). 
Potassium hydroxide polymerizes ethylene oxide at 50-60° (B. 28, R. 293). 

For comparison, the following additive reactions of ethylene oxide and alde^ 
hyde are arranged side by side ; 
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KHS<^ CH,.OH 
' ^iH,.SO,K 


CH,\ I NH, CH,.OH ^ 


hnc CH,. 0 H 

^(!:h,.cn 


CH,.CH<gg^ 


V CH,.CH<g« 


Ethylene oxide and magnesium alkyl halides form addition compounds, which 
are converted by heat into primary alcoholates, RCHaCH,OMgX (pp. 107, 185). 

Heated with a little potassium hydroxide at 50-60®, ethylene oxide polymerizes 
(B. 28 , R. 295). 

CHs.CH V (CH,),C> 

a-Propylene Oxide, I >0, b.p. 35®. Isobutylene Oxide, | 

CH,/ CU/ 

b.p. 51-52®. sym,‘D%methyl Ethylene Oxide, b.p. 56-57®. sym,-Methyl Ethyl 
Ethylene Oxide, b.p. 80®. Isopropyl Ethylene Oxide, b.p. 82®. Trimethyl Ethylene 
Oxide, b.p. 75-76®. Tetramethyl Ethylene Oxide, b.p. 95-96®, is produced from 
tetramethyl ethylene bromide by PbO and water (C. 1902, I. 628). It unites 
with water to form pinacone with considerable evolution of heat (p. 313). 

Heated to 200-260® with Al^O, or other contact substances, ethylene oxide, 
propylene oxide and isobutylene oxide are transformed into the isomeric alde- 
hydes, acetaldehyde, propionaldehyde, isobutyl aldehyde, whilst trimethyl 
ethylene oxide gives methyl isopropyl k^one (B. 86, 2016). 

CH 

Trimethylene Oxide, CH,<^j^*> 0 , * b.p. 50®; preparation, see p. 317; 
homologues (M. 23 , 67 ; C. 1906, II. ii79)- 

CH*(i8)-Cn,(a) V 

Tetramethylene Oxide, Tetrahydrofurfurane, I > 0 , b.p. 57® 

CH. 03 ,)-CH 2 (a,) / 

(B. 25 , R. 912). 2, y Hexylene Oxide, aa^rHimethyl Tetrahydrofurfurane, b.p. 93® 
(B. 35 , 1336). aa-Dimethyl Tetramethylene Oxide, b.p. 98® (C. 1907, I, 708), 
Diisocrotonyl Oxide, aa^-Tetramethyl Tetrahydrofurfurane, b.p. 113®. Diisoamylene 
Oxide, aai-Dimethyl-aa~Diethyl Tetrahydrofurfurane, b.p. 160® (C. 1890, 1. 774, 775). 
y-Pentylene Oxide, a-Methyl Tetrahydrofurfurane, b.p. 77® (p. 314) ( 13 . 22 , 2571). 

* /--tr pTi 

Pentamethylene Oxide, b.p. 82® (B. 27, R. 197). 

^Hexylene Oxide, a-Methyl Pentamethylene Oxide, b.p. 104®, docs not unite 
with ammonia (B. 18 , 3283). The higher polymethylene J[lycols arc converted 
into their oxides with difficulty. Decamethylene Oxide, b.p. 181®, has, however, 
been prepared, by distilling the chlorohydrin of decamethylene glycol over sodium 
hydroxide (C. 1906, II. 596). « 

Addendum. — ^Furfiirane corresponds with tetramethylene oxide. It may be 
considered as the cyclic ether of an unknown, unsaturated glycol. It is probable 
that this glycol could not exist ; it would be more likely to become rearranged into 
succinic dialdehyde, and this in turn to y-butyrolactone : 

CH,.CH,OH CHj.CHov CH-CHOH CH=CHv 

I I >0 I \ 

rw. rH.OH r.TT. rH / r.H -^choh 


(iH,.CH,OH 

Tetramethylene 

Glycol. 


CHg.CHa'^ 

Tetramethylene 

Oxide. 


CH-CHOH 

Unknown. 


CH=CH>^ 

Furfurane. 


By the substitution of sulphur and again of the NH>group for oxygen in 
furfurane the products arc thiofurfuranc, which, from its remarkable resemblance 
to benzene, has been called Thiophene, and ^rrol. 

Fifotwithstanding that the manner of union in the rings of these heterocyclic 
compounds is not definitely known, it is possible to refer many bodies to them : 

CH^CHv CH=CHv CH=CHv 

I I > I >NH 

CH-CH^ CH=CH^ CH=CH/ 

Furfurane. Thiophene. Pyrrole. 
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All of them contain rings, and they will pe discussed later in conjunction with 
related classes of heterocyclic denvatives* 


2. ESTERS OF THE DIHYDRIC ALCOHOLS OR GLYCOLS 

A Esters of Inorganic Adds. 

(a) Halogen Esters of the Glycols.— The glycols and monobasic acids yield 
neutral and basic esters The dihalogen substitution products of the paraffins 
arc the neutral or secondary halogen esters of the glycols The halogen atoms in 
them arc attached to different carbon atoms They are isomenc with the alde- 
hyde halides (p 206) and the ketone halides (p 225), having an equally large 
carbon content : ^ 


CHCl and CH, are isomeric with CHg and CClt 


CH, 

Propylene 

Chloride 


CH,C 1 

Tnmethylcne 

Chloride 


CH, CH, 
Propylidi ne Chloracetol 
Chloride (p 225) 

(p 206) 


The basic or primary haloid esters of the glycols are the halohydrlns. These 
are obtained 

(i) When the glycols arc treated with hydrochlonc and hydrobromic acids : 


CHaOII CH.Cl 

When heated with HI. a more far-reaching reaction occurs. Ethyl iodide 
(p 13b) IS obtained from ethylene glycol 

The result of the action of HBr on neutral glycol ethers in the cold is the pro- 
duction of the ether of the bromhydrin Like the ether of the chlorhydnn, it can 
also be obtaiiu d from the benzoyl derivative of the alkoxy-alkylammcs by PCI, 
or PBr,. with the loss of benzonitrile (comp p 320) (B 38 , 960) 

(2) They can be obtained too, by the direct addition of hypochlorous acid 
(see Inorg Clu m ) to the olefines whereby the OH group becomes attached to 
the carbon atom poorest in hydrogen (J pr Ch [2] 64 , 102, 387 , comp. C. 
1902, 1 1316) 


-hHCU 


CH.OH 


+H, 0 . 


Ethyl iodide 


+HOCL 


CHjCl 


( (CH,), C(Cn,).OH 

(3) l^y the action of halogen acids on ethylene oxide and its homologues : 
Cllav CH, OH 


’^+HC1 = 


ch/ cH,a 

(4) Synthetically, it can be prepared from haloid ketones or haloid carboxyhc 
esters and alkyl magnesium halides (B 89,225,3678, C 1906,1 1584,11 1179): 


CH,CO 


CH,MgI (CH,)2l OH CH, ( H,I C^HjMfcl 


CH,CH,I 


(C,ll5),COH 


Similarly, a-Chloro-fi-ethoxybutane, C1CH,CII(C,H50)C,Hb is pnpircd from 
ap dichlor ethyl ether and zinc ethyl (B 28 , 3111) 

Glycol Chlorhydnn, Ethylene Chlorhydnn, CH,C 1 CHjDlI, b p 128® Glycol 
Bromhydrin, b p 150°, results also from glycol bromacetm (p 324) bv boiling with 
methyl alcohol Similarly Glycol lodohydnn, b p i, 78®, is obtained from lodo* 
acetm (C 1901 , 1 1 356) The lodohydrm is converted completely into acetalde- 
hyde when heatid with lead hydroxide (C 1900, II ^i) Tnmethylene Glycol 
Chlorhydnn^ yChloro-n-propyl Alcohol^ CH,C 1 CH,CH,OH b p 160®, is obtained 
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from trimethylene glycol by HCl. orPropylene Glycol a-Chlorhydrin, CHgCH(OH)- 
CHaCl, b.p. 127®, is prepared from alkyl chloride by dilute sulphuric acid ; also 
by the addition of HCIO topropylene, a’-Propylene Glycolfi-Chlorhydrin.CiiJZliQX.- 
CHsOH, b.p. 134® (C. 1903* II- 486). Isobutylene Glycol a-Chlorhydrin, (OH)C- 
(CHglaCH^Cl, b.p. 129®, is obtained from chloracetone or monochloracetic acid by 
Mg(CHs)I ; also from isobutylene and HCIO (C. 1902, I. 1093). Isobutylene 
oxide and HCl gives a mixture of this chlorhydrin and Isobutylene Glycol fi-Chlor- 
hydrin (CHg)aCCl.CHjOH, which easily passes into isobutyl aldehyde (B. 39 , 
2789. 3678). 

The primary haloid esters can also be considered as substitution products of 
the monohydric alcohols. Glycol chlorhydrin would be chlorethyl alcohol, 
(i) Nascent hydrogen converts them into primary alcohols. (2) Oxidizing agents 
convert them into halogens fatty acids, e,g., glycol chlorhydrin yields monochlov- 
acetic acid ; trimethylene glycol chlorhydrin yields ^-chloro l>ropiomc acid. (3) 
They change to alkylene oxides, and partially also into aldehydes, under the 
influence of alkalis. (4) Basic esters of the glycols are produced when they 
combine with salts of organic acids ; e.g., glycol chlorhydrin and potassium 
acetate yield glycol mono-acetate, CHgCOO.CHg.CHgOH. (5) Pota.ssium cyanide 
changes them to nitriles of the hydroxyacids. 

The Ethers of the glycol brom- and iodohydrin can be employed in the building 
up of the neutral dialkyl ethers of the higher glycols*(comp. p. 310). 

In close relation to ‘the halohydrins stand certain substances produced by 
the action of mercury salts on ethylene (p. 82), such as Mercury Ethanol Iodide, 
HOCHg.CHgHgl. and Mercury Ether Iodide, 0 (CHgCH,HgI)j. Iodine changes 
them to Glycol Iodohydrin (p. 319) and ^-Dtiodo-ether, 0 (CH jCHgl)*. Alkaline 
stannic solutions react with mercury ether bromide producing Mercury Diethylene 
Oxide, 0 (CHg.CH 8 )gHg, m.p. 145®, a very stable compound, which requires 
fuming hydrochloric acid to decompose it, generating ethylene (B. 33 , 1641 ; 
34, 1385, 2910). 

Neutral Haloid Esters of the glycols are very important parent 
bodies for the preparation of the glycols (comp, methods i and 4 
for the formation of glycols, p. 309). 

Methods of Formation. — (i) By the addition of halogens to the 
olefines — e.g., ethylene gives rise to ethylene chloride, bromide and 
iodide : 

CHj CllaCl CHa CH*Br Clla CH,I 

II -|-aa=| : II hBra^l ; || + 12-1 : 

CHg CTIaCl (iJa CHaBi (' 11 ,> CIIJ 

(a) by substitution in paraffins and monohalogen jj.ir.iiiins : 

CH, Cl, CHjCl Clj ClIjCl 

CH, ^ riia Mi,( r 

(3) by the addition of halogen acids to monolialogen olefines. 
In this instance much will depend on the temperature, concentration, 
and other conditions, as to whether both or only one of the two possible 
isomers is formed : 


CH Rr J fhl. HBr 

in, 


CHBr Cone. HBr CHjBr . 

CHjBr 


(4) by the acticui of HCl, HBr or HI on glycols and glycol halo- 
hydnns. The second OH group will be replaced with more difficulty, 
and at a higher temperature, than the first. Similarly, the glycol ethers 
(p. 316) are converted into the dihalides by an excess of halogen acid. 

(5) Alkylene diamines or halogen alkyl monoamines yield alkylene 
dihalides, either by the action of nitrosyl chloride or bromide (C. 
1899, L 25) ; or better by warming the benzoyl deriva^tive of the amide 
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with phosphorus chloride or bromide, and distilling the resulting 
inude chlonde or bromide (v. Braun, B. 88, 2346 ; 89 , 4112) : 


lr^^ \ ^NH C0C,H, ^ /CH \ <rN-CClC,H, ^ . <^N.CC1C,H, 




The benzoyl derivatives of the cyclic immes, such as benzoyl 
pipendine, benzoyl p5UTohdine (comp. p. 335), jneld dichloro- and 
dibromo-parafBoi and benzonitnle by breakage of the ring, under the 
action of pels or PBrs. This constitutes a*convenient method of 
preparing 1,5-dichloro- and dibromopentane. 


(6) by the action of PCI, on glycols • 

(7) by the action of K 1 on alkylene bromides, producing iodides , and 
tigCl,, producing chlorides 


Properties . — ^The simple dichlor- and dibrom-esters of the glycols, 
or olefme dichlondes and dibromides, volatihze without decom- 
position. The di-iodides decompose readily in* the light, and when 
distilled break do^vn into olefines and iodine. The ethylene dihalides 
have a very pleasant odour. 

Reactions. — (i) The dihalogen paraffins are converted into olefines 
by sodium : 

CHjCl cncia aNa CH, 

I and I ^ II • 

CH,C1 CH, CH, 


The production of tnmethylene from tnmethylene bromide and sodium or anc 
IS noteworthy : 

XH,Br XH, 

CH,< +2Na-CH,< I +2NaBr 

x:H,Br x:h. 


(2) Nascent hydrogen converts both di- and mono-halogen paraffins 
into paraffins. This is the leverse of substitution — retrogressive sub- 
stitution (p 93 ), 

(3) When digested with alcoholic potassium hydroxide, halogen 
hydride splits off, acid molecules arc lost, and monohalogen olefines 
and acetylenes or diolefinco result (p. 86). 

(4) Suitable reagents change dihalogen paraffins into the corre- 
' ponding glycols (p. 309) or their esters. Heating with water produces 
first the mono-halogen h5^drines of the glycols, and finally ketones and 
aldehydes. The 1,4- and 1,5-dilidlides yield also cychc oxides (comp. 
M. 23 , 64 , C. 1902, I. 628 , II. 19 , 1903, I. 384). 

(5) Ammonia produces alkj'lene diamines. 

(6) Potassium cyanide converts thtra into the nitriks of monohalogen acids 
-ind of the dicarboxylic acids lliesf are classes of bodies whose connection 
with the glycols is indicated by the dihalogen paraliins 



CH, OH 


CHjBr 

1 ^ CH, OH 

m 

CH,Br 

1 CH.CN 

CH, COOH 

• 

”~CH, t N 
Ethylene 
Cyaude. 

' CH, COOH 

Ethylene 
Sacanic Acid. 


Y 


VOl I. * 
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(7) The alkylene dihalides react with magnesium in ethereal solution 
in part similarly to, and in part in a more complicated manner than, 
do the simple alkyl halides (p. 185). Ethylene bromide gives ethylene 
and magnesium bromide ; in thfe cold BrCH2CH2MgBr is also obtained. 
Trimethylene bromide forms trimethylenc (Cllojs (p. 321), and also 
BrMg[CH2]oMgBr, which with CO2 yields suberic acid, H02C.[CH2]6- 
CO2H. Pentamethylene bromide yields, as expected, BrMg[CH2]5MgBr, 
and also some BrMg[CH2]ipMgBr. The latter substance, with CO2, 
gives decane dicarboxylic acid ; the former, pentane dicarboxylic acid 
(pimelic acid) and hexamethylene ketone (B. 38 , 1296 ; 40 , 3049 ; 
C. 1907, 11 . 681). 

f'OOH *COj CO2 

^ BrMg[CHJ,MgBr ^ [CH, 1 .>CO. 

Pimelic Acid. Heramcthylene Ketone. 

Ethylene Halides — Ethylene Chloride, Elayl Chloride, Oil of the 
Dutch chemists, CH2CI.CH2CI, b.p. 84®, D4=ii*28o8, can be prepared 
(A. 94, 245) by conducting ethylene into a gently heated mixture of 
2 parts of manganese dioxide, 3 parts of sodium chloride, 4 parts of 
water and 5 parts of sulphuric acid. It is also prepared from 
ethylene diamine and NOCl ; also from dibenzoyl ethylene diamine 
and PCls (comp. p. 320). It is insoluble in water, has an agreeable 
odour, and sweet taste. 

Ethylene Bromide, CH2Br.CH2Br, m.p. 9®, b.p. 131®, is formed 
when ethylene is introduced into biominc, contained in a wide con- 
denser bent at right angles, which is covered with a layer of water (A. 
168 , 64). It is also produced when ethyl bromide, bromine and iron 
wire are heated to 100® (B. 24 , 4249). 

Ethylene Iodide, CII2I.CH2I, m-p- 81°. is formed on conducting 
ethylene into a paste of iodine and ethyl alcohol (J. 1864 , 3^15). 

History of the Alkylene Ilahdes. — The four Dutch chemists, Dctman, Poets 
van Troostwyk, Bondt anrl Lauiverenbttrgh, while studying the action of clilorine 
on ethylene, first obtained ethylene chloride in 1795 as an oily reaction product. 
Hrnce they called ethylene “ gaz huileux,** oily gas, a name whicli Fourcroy 
altered to ** gaz olefiant,” ” oilforming gas " (see Roscoe and Schorlemmer, Org. 
Ch., I, 647). This phrase subsequently gave the name ” olefines ” to the senes. 
Balard, the discoverer of bromine, obtained ethylene bromide in 1820 by allowing 
bromine to act on ethylene (A. chim. phys. [2] 32 , 375) Faraday, in 1821, 
prepared ethylene iodide by acting on ethylene with iodine in sunlight . 

Propylene Halides, 1,2-Dihalogen Propane, CHsCHX.C'II^X, and Trimethylene 
Halides, i,yD%halogen Propane, CHjX.CHjClrlaX. The propylene h^ides 
result from the addition of halogens to propylene, and halogen acids to 
alkyl halides at 100°, Trimethylenc bromide is prepared from ethyl bromide 
and hydrobromic acid at —20® and, accompanied by propylene bromide, from 
trimethylenc and bromine in hydrobromic acid (C, 1899, 1 . 731 ; 190^. II* 465). 
HgCla and KI, change trimethylenc bromide into the chloride and iodide. 

Propylene Chloride, b.p. 97®: Trimethylenc Chloride, b.p. 119®. 

„ Bromide. „ 141® ; „ Bromide, „ 165®. 

„ Iodid6', decomposes ; „ Iodide, decomposes. 

Tetvamethyl Ethylene Chloride, (CH,),CC 1 .CC 1 (CH,),, m.p. 159®, is prepared 
from pinacone and HCl (C. 1900, 11 . 1061). 

Tetramethyl Ethylene Bromide, m.p^ 149®. with decomposition, results from 
the action of sunlight on Tetramethyl Ethylene Nitrosobromide, (CH,),CBr.- 
C(NO){CHa)*. This substance is prepared from tetramethyl ethylene and NOBr 
(comp. p. 327) (B. 87 , 545). It is a very volatile blue crystdliae powder. 
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i^yDibromobutane, CHaCHBr.CHjCHaBr, b.p. 147®. is obtained from 
d-butylene glycol (C. 1902. i 097 )- 

2,j\’-Dibromopentane, CHaCHBr.CHaCHBrCHa, b.p.® 63 (C. 1904, I. 1327). 

Higher Homologues of the Polymethylene Halide Series are mostly obtained by 
the generarmcthods of preparation. Nos. 4 and 5 (p. 320) (J. pr. Ch. [2] 39 , 542 ; 
B. 27 , R. 735; 38 , 2346; 39 , 1112; C. 1903, I. 583; 1904. H- 429; 1905, I. 
1698 ; 1906, I. 443). 

Tetramethylene Chloride, Cl[CHa]4Cl, b.p. 162®; bromide, m.p. —20®, b.p.,, 
82® ; iodide, m.p. 5*^°- 

Pentamethylene Chloride, i,$-DichloropefUane, Cl[CHj]aCl, b.p. 177® ; bromide, 
b.p. 221® ; iodide, m.p. 9 ^ b.p. ,4 149®. 

Hexamethylene Chloride, CipHalsCl, b.p. 204° ; iedide, m.p. 9*5®, b.p.^y i63*. 

Ilcptamethylcne Chloride, C1(CH2)7C1, bp-aa 126® ; iodide, m.p. o®, b.p.20 178® 

2,5-Dtbromohexane, CHaCHBr.CHa.CHj.CHBrCHa, is prepared from 2,5- 
hcxylone glycol (p. 3 i 5 )» from A®-hexanc-€-ol (butallyl methyl carbinol), or from 
diallyl (p. 190) by means of hydrobiomic acid. A mixture of stereoisomeric 
forms is obtained, containing a racemic form, m.p. 38®, and the mesoform, a 
liquid, b.p. 20 100® 34 , 2569 ; 35 , 1337). 

Sodium converts these compounds into cycloparafiins (Vol. IT.), just as sodium 
and trimethylenc bromidoi produce triniethylene. Sodium malonic esters, 
sodium acetoacctic esters, and polymethylene bromides produce cycloparaffin 
carboxylic esters (Vol. II.). Mixed, neutral halogen esters of the glycols, con- 
taining two dilfcrcnt halogen atoms, are also known. 


(h) Esters of Mineral Acids containing Oxygen. 

Ethylene Nitrate, Glycol Dimtrate, C2H4(0.N02)2, Dg* 1*483, is produced on 
heating ethylene iodide with silver nitrate in alcoholic solution, or by dis- 
solving glycol in a mixture of concentrated sulphuric and nitric acids : 

C,H4(0H),H-2H0 N0,=CaH4(0.N02)2+2H20. 

This reaction is characteristic of all hydroxyl compounds (polyhydric alcohols 
and polvhydnc acids) ; the hydrogen of hydroxyl is replaced by the NO^-group. 

The nitrate is a yellowish liquid, insoluble in water. It explodes when heated 
(like nitroglycerine). Alkalis saponify the ester with formation of nitric acid 
and glycol. 

OH 

Glycol Sulphuric Acid, CjH4<q gQ qjj, is produced on heating glycol with 

sulphuric acid. It is perfectly similar to ethyl sulphuric acid (p. 139), and 
decomposes, when boiled with water or alkalis, into glycol and sulphuric acid. 

B. Esters of Carboxylic Acids. 

In studying the fatty acids the methods of forming esters with monohydric 
alcohols were described. The same methods serve for the production of esters 
of the fatty acids with dihydne alcohols or glycols : 

(i) fiom the haloid esters of the glycols: halogenhydrins and alkylene 
halides with fatty-acid salts : 

CHjOH CH,OH 

I +CH 3 C 02 K=| +KC 1 ; 

CHjCl CHjOCOCHa 

(2) from glycols by means ol ficc acids, acid chlorides or acid anhydrides. 

(3) There also remains that typo of ester formation resulting from the addition 
of acids and acid anhydrides to alkylene oxides, just as acid anhydrides add 
themselves to aldehydes : 


CHjv CH.OCOCHa 

i >0 + (C.H,0)20=| ; 

tn/ CHjOCOCHiS 

CH,CH 0 -f(C 2 H. 0 ), 0 =CH,.CH( 0 C 0 CH,),. 


Glycol Diformin, C2H4(O.CIIO)2, b.p.,, 89®, is prepared from glycol by a 
mixture of formic acid and acetic anhydride (C. 1900, 11 . 314). 

Glycol Monacetate, CH,(OH)CH,OCOCH,, b.p. 182®, is a liquid miscible 
with water. If hydrochloric acid gas be led into the warmed substance there is 
formed Glycol Chibracetin, Chlor ethyl Acetate, CH|C 1 CH|. 0 .C,H, 0 , b.p. 144®. 
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Similarly, hydrobionuc acid produces Glycol Bromaeetale, b.p. 163^ which 
yields Glycol lodaceHn, b.p.,o no®* when treated with Nal (C. 1901, I. 1356). 

Glycol Diacetate, C,H4(0.CaH,0)j, b.p. 186®, D0= 1*128. It dissolves in 7 parts 
of water. Glycol Distearate, C2H4(OCOCi7H,j)„ m.p. 79°, b.p.Q 241®. Glycol 
Dipalmitate, C2H4(OCOCi5H3i)„ m.p. ^2®, b.p.,, 226° (B. 36 , 4340). 

a-Propylene Glycol Diacetaie, CHa.CaH 8 (O.COCH,)„ b.p. i 86 ® ; Trimethylene 
Glycol Diacetate, (i ll*).t(OCOCH8)2, b.p. 210®. 

The formation of the acid esters is well suited for the detection and deter- 
mination of the number of hydroxyl groups in the polyhydric alcohols, the 
sugars and the phenols. Benzoic ester particularly is especially easy to prepare. 
It is only necessary to shake up the substance with benzoyl chloride and sodium 
hydroxide in order to benroylize all the hydroxyls (B. 21 , 2744 ; 22 , R. 668, 
817). The formation of the nitric acid ester is also well adapted for the purpose 
(see Glycol Dinitrate, p. 323) ; also the carhamic ester resulting from the action of 
the isocyanic ester (q.v.) ; and especially the phenyl isocyanic ester (q.v.). 

For carboxylic esters of unsaturated glycols, see p. 315. 


3. THIO- COMPOUNDS OF ETHYLENE GLYCOLS 


Compare the sulphui?* derivatives of the moiwhydric alcohols (p. 142), the 
aldehyde s (p. 20S), and the ketones (p. 225). 

A. Meroaptans. 

The mcrcoptans corresponding with ethylene glycol are formed by* treating 
monochlorhydrin and ethylene bromide with potassium hyrlrosulphidc. 

The Monothio-ethylene Glycol, HSCHj.CHjOH, yields isethionic acid (p. 325) 
when treated with nitiic acid. 

SH 

Dlthioglycol, Ethylene Mercaptan, Ethylene Thiohydrate, C2H4<]gj^, b.p. 146®, 

Dssi*i 2. possc.sses an odour something like that of mercaptan. It is insoluble in 
water, and dissolves in alcohol and ether. It shows the reactions of a mercaptan 
(B. 20 , 461). 

Trimethylene Mercaptan, HS(CH3)sSH, b.p. 169" (B. 82 , T370). 


B. Sulphides. 

(а) Alkyl Ethers of the Ethylene Mercaptans : Hydroxyethyl Ethyl Sulphide, 
CH.CHs.S.CHaCHaOH, b.p. 184®. Ethylene Dimethyl Sulphide, CIIjS.CH,.- 
CHj.SCHj, bp. 1S3®. Ethylene Diethyl Sulphide, b.p. i^S®. 

(б) VinyUalkyl Ethers of Ethylene Mercaptan or Sulphuranes : Vinyl Ethyl 
Ethylene Mercaptan, CHjiCH.SCHjCHjS.CjHg, b.p. 214®. For its formation, see 
the stdphine compounds, which are treated later on. 

(c) Thlodiglycol, HOCHjCHj.S.CHjCHjOlI, corresponding with diglycol, is 
also known (B. 19 , 3259). However, the simple ethylene sulphide, correspond- 
ing with ethylene oxide, is not known, whilst Diethylene Oxide Sulphone, 


™ corresponding with diethylene oxysulphide, as 

well as Diethylene Disulphide, are known. 

(d) CyclU Sulphides : Dleth^laiie Dbnlpblde, S<ch*Z^H*>S, m.p. 112°. 

b.p. 200®, is formed from ethylene mercaptan, ethylene bromide, and sodium oxide. 
V^en ethylene bromide is digested with alcoholic sodium sulphide, a polymeric 
eihylene sulphide, (C2H4S),,, m.p. 145®, is produced at first. This is a white, 
amorphous powdei , insoluble in the ordinary solvents, which protracted boiling 
with phenol changes to diethylene disulphide (A. 240 , 305 ; B. 19 , 3263 ; 20 , 2967). 

CH S 

Trimethylene Disulphide, CH8< *• , m.p. 75" (B. 32 , 1370). 

CH3S 

(«) Ethylene MercafiaJs and Ethylene Meecaptols are similarly produced from 
ethvlene mercaptan by the action of aldehydes, ketones, and HCl, just as the 
mercaptals (p. 209) and the mrTcaptols (p. 226) are obtained from mercaptans 

(B. 21. 1473). 

Ethylene Dithioethylidene, b.p. I73*. 
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CH,S— SCH, 

(/) Dtethylene Tetrasulphide, \ | , mp. 150*, is produced by the 

CH jS— “SCH I 

action of the halogens, or sulphuryl chloride or hydroxylamine on ethylene 
mercaptan It is a white, amorphous powder (B 21, 1470) 

C Sulphine Derivatives. 

Ethyl iodide and diethylcne disulphide umte to form Dtethylene DtstUphtde 

Sulphtne Ethyl lodtde, S<ch|ZchI>^<I '***' 

CH,SC,H, ' 

Ethyl Sulphurane, I , is produced on distilling the above-mentioned 

S • 

iodide with sodium hydroxide The closed ring of diethylene disulphide is 
V broken 

The union of the derivatives of diethylene disulphide with the higher alkyl 
iodides yields homologous compounds known as sulphuranes. They are the 
ttlkyl vinyl thio-ethers of ethylene (B 19, 3263 , 20, 2967 , A 240, 305) 

D Sulphones. 

The dibulphoncs are produced when the open and the cyclic disulphides arc 
oxidized by potassium permanganate All sulphones, p which sulphone groups 
aic attached to two adjacent carbon atoms, can be hydrolyzed (Stuff er^s law, 
B 26, 1125) 

CH, SO, C,H, 

(a) Open Sulphones Ethylene Diethyl Sulphone, I > m p I37^ 

CH, SO, CjH, 

has been obtained (i) from ethykne dithioethyl (2) from ethylene bromide 
by the action of sodium ethyl sulphinate, and (3) from sodium ethylene di- 
sulphinate by the action of cth\l bromide Iht hcxivalence of sulphur in the 
sulphones is tl us proved {B 21, R 102) 

(b) Cyclic Sulphones (B 26 , 1124 , 27 , 3043) Trimethylene Disulphone, 
mp 204-205° results from the oxidation of methvlenr dithioethyk ne Barium 
hydroxide solution decomposts this into Hydroxyethyl Sulphone Methylene Sul- 
phxnic Acid This, on boiling with water, forms first an internal anhydride ^ b p 
164°, which then loses SO, and turns mto Hydroxymethylene Sulphone, m p 20° 


CH,- SO,. 

' , >«■- 


CH, 
Inmcthylene 
Sulphone 


CH,OH 

> I 

CH, SO,rH,SO,H 

Hydroxyethyl Sulphone 
Methylene. Sulphimc Acid 


CH,0 SO 
•"1 

CH,SO 


CH,OH 


,CH, ^(!:h; 


SO,CH, 

Hydroxyethyl 
Methyl Sulphone 


The sulphimc lactone gives, on oxidation, Hydroxyeihyl Sulphone Methylene 
CH,— O— SO, 

Sulphone Lactone, | | 

CH, SO, CH, 

CH, — SO, — CH, 

Diethylene Disulphone, | I , results from the oxidation of diethy- 

CH,— SO,— CH, 

lent disulphide, and decomposes similarly to trimethylene disulphone 


£. Sulphonio Acid. 

Isethionic Acid, Ethylene Hydnnsulphontc Acid, Hydroxyethyl 

CH,OH 

Sulphomc Acid, ( , is isomenc with ethyl sulphuric acid, 

CH, SO,H , 

C2H5O SOgH, and is pioduced (i) by oxidizing monothioethylene 
glycol with HNO3 1 (2) by the action of nitrous acid on taurine 
or amidoisethionic acid (comp, foimation of glycollic add from 
glycocoll, p. 362) : 

HftN.CH3CH,SO,H+HONO«HO.CH,CH,SO,H+Ns+HtO. 
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(3) by* heating glycol chlorliydrin with potassium sulphite ; (4) by 
lx)iling cthionic acid (p. 327) with water (B. 14 , 64 ; A. 223 , 198) ; 
(5) from ethylene oxide and potassium hydrogen sulphite. 

Isethionic acid is a thick liquid, which solidifies when allowed to stand over 
sulphuric acid. Its salts are very stable and crystallize well. Chromic acid 
oxidizes isethionic acid to .sulpho-acetic acid. 

The barium salt is anhydrous ; ammonium salt forms plates, m.p. 135®, and 
at 210-220^ it chonges to the ammonium salt of di-isethionic acid, 0(CH2.- 
CH2S0,NH4)2 (B. 14 , 65). Ethyl Isethionate, b.p. 120° (see B. 15 , 947). 

PCI5 converts the acid into Chlorethyl Suiphonic Chloride, Cl.CH,CH,SO,Cl, 
b.p. 200®. It is also fomv'd by heating ethane disulphochloride. When it is 
boiled with water it is converted into Chlorethyl Suiphonic Acid, CH2Cl.CH^.SOsH 
(A. 223 , 212). 


Taurine, Aminoiseihionic Acid, Aminoethyl Suiphonic Acid, 

CHjNH, CHj.NHj 

1 , or I 1 , m.p. about 240°, with decomposition, was 

CH,.SOaH CH,.SOa 

discovered by Gmeli^ in 1824 \ sulphur content, which had 
previously been overlooked, was detected in 1846 by Redtenbacher, 
It is considered in this connection because of its intimate relationsliip 
to isethionic and chlorethylene suiphonic acids. 11 occurs as tauro- 
cholic acid, in combination with cholic acid, in the bile of oxen (hence 
the name — ravpos, ox) and many other animals, and also in the different 
animal secretions. 

* It is formed when taurocholic acid is decomposed with hydro- 
chloric acid : 


CH,.NH(C24Ha,04) 

1 

CHaSOsH 


TdUrocholic Acid. 


HCl CH,.NH, 

- ^ 1 

CHa.SOqll 

Taurinr. 


C24H40O1. 

Cholic Acid. 


It can be prepared artificially by heating chlorethyl suiphonic acid, 
CH2CICH2SO3H, with aqueous ammonia {Kolbe, 1862, A. 122, 33). 

This synthesis presupposes that of ethylene or ethyl ^Icohol (p. iii). Both 
substances combine with SO, to give carhyl sulphate, a derivative of isethionic 
acid. 'I'ho following diagram shows the course of the synthesis : 

CHj.OH 2S0, CHj.OSOjv H ,0 CH^.O-SOaH H.o CHj.OH 

CH, ^CHj.SO, ^C Hj.SOjH 

Alcohol. Carbyl Sulphate. Ethiooic Acid. Isethionic Acid. 



Taurine also results when ethylenimine is evaporated together with sul})hurous 
acid. 

Taurine crystallizes in large, monoclinic prisms, insoluble in alcohol, 
but readily dissolved by hot water. It contains the groups NH2 and 
SOsH, and is, therefore, both a base and a suiphonic Acid, but as the 
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two groups neutralize each other, the compound has a neutral reaction. 
It may, therefore, be considered as a cyclic ammonium salt, as indicated 
in the second constitutional formula. It can form salts with the 
alkalis. It separates unaltered from its solution in acids (see Glycocoll) . 

Nitrous acid converts it into isethionic acid (p. 325). Boilir.g 
alkalis and acids do not affect it, but when fused with potassium 
hydroxide it breaks up according to the equation : 

NHaCHaCH,S 0 aK 4 - 2 K 0 H=CHaC 02 K-|-KaS 0 a+NH, 4 H,. 

CHa— NH 

Anhydfotaufine, | | , m.p. 88®, is formed by the action of ammonia 

Oil a'”“^Oa 

on chlorcthane sulphochloride, or on ethane disulphochloride (C. 1898, I. 20). 

Taurine introduced into the animal economy reappears in the urine as TaurO’^ 
cavhamic Acid, NHa^O^H.CHa.CHa.SOgH. 

CHa N(CHa)a 

TauYohetaine, | | , is prepared by methylating taurine, and is 

CHa—SOaO 

analogous to betaine (q.v.). 

O So H 

Ethionic Acid, CaTl4<CgQ . The constitution o^ fhis acid would indicate 

it to be both a sulj'ihonic acid and primary sulphuric ester. It is therefore 
dibasic, and on boilin'^ with water readily yields sulphuric and isethionic acids. 
It n suits A\hen caib> I sulphate takes up water. 

CHa— O— SOa^ 

Carbyl Sulphate, | ^O, the anhydride ol ethionic acid (A. 223 , 210), 

CHa SOa' 

is formed win n the vapours of SOa are passed through anhydrous alcohol. It 
is also piodiiM I d by the direct union of ethylene with two molecules of SOa. 

CH.,.SOaH 

Ethx'lenc Disulphinic Acid, Ethane Disulphojtate, | , m.p. 100®, may 

CHa.SOaH 

be ])ie]5aied liom glycol mercaptan and ethylene thiocyanate by means of con- 
centrated uitiic acid; by the action of fuming sulphuric acid on alcohol or 
etlu r : or l)\ boiling ethylene bromide with a concentrated solution of potassium 
sulphiti*. It is easily soluble in water. Reduction with zinc dust, see B. 38 , 
1071. 

Ethane Disulphochloride , SOaCl.CHa.CIIa.SOaCl, m.p. 98®, by the action 

CHaSOjH 

of zinc dust, forms thQ zinc salt of Ethvlene Disulphoinic Acid, I . The 

CHjSOaH 

disulphochloride. similarly I0 the homologous chloride of 1,2-Propanc Dxsiiiphonic 
Acid, ('H3C11(S()3C1)CH2S02C1, m.p. 48°, easily gives up SOj (comp. p. 147. 
Anhydrotaurine, Vinyl, and Propenyl Sulphonic Acid) ; whilst the chloride of 
Trimethylcne Dtsulphonic Acid, CH2(CHaS02Cl)2. is more stable (B. 34 , 3467 ; 
36 , 362b), and behaves in accordance with Stuffers rule (p. 325). 


4. NITROGEN DERIVATIVES OF THE GLYCOLS 

A. Nltroso-compounds. 

The addition-products of the olefines with nitrosyl chloride belong to this 
group (comj>. the Terpencs, Vol. II.). 

I'etramethyl Ethylene Nitrosyl Chloride, (CHj)aC(NO).C('l(CH,),, m.p. 121®, is 
prepared by adding sodium nitrite to tetramethyl ethylene in an alcoholic 
solution of hydrochloric acid in the cold (B. 27 , 455 ; R. 467). It has a blue 
colour, and a somewhat penetrating camphor-like odour? 

Sec also Trimethvl Ethvlene Nitrosite, (CH8)2C(ONO).CH(NO)CH,, and Nu 
trosate, (CH3)aC(ON6j).CH(NO)CHa (p. 345 ). 

B. Nitro-compounds. 

Only one nitro-derivative of glycol — the primary body — is known. The 
moiiouitro- compounds can be looked on as being nitro-substitution products 
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of the paxaf&n alcohols, and are known under the name of niir<Hflcohols. fhey 
are prepared by the interaction of the halohydrines and silver nitrite, and from 
the primary mononitro- paraffins by condensation with aldehydes by means of a 
dilute solution of potassium bicarbonate or alkali hydroxide (C. 1899, 1 . 1154). 

Nttroethyl Alcohol, Glycol Nitrokydrin, CH,(NO,).CH,.OH, b.p.,^ 120®, 
is a heavy oil. 2~Ntiropropyl Alcohol, CH,CH(NO,)CH,OH. b.p.„ 121®. 
Nitroisopropyl Alcohol, CHj.CH(OH)CHjNOj, b.p.s^ 112®, Dig= 1*191 (B. 28 , 
R. 606) (see also Nttro-olefines, p. 3-Nitropropanol, HO.CH,.CHt.CH,NOj, 

b.p.gg 139®. For nttro-alcohols containing 4,5, and 6 carbon atoms, see C. 1897, 
II* 337! 1898,1.193. For and Ha/og^n-m/ro-compounds, corresponding 

with the glycol series, see pp. 1 51, 155. 

C. Amines and Ammonium Compounds of the Olycols. 

There are two series of amines, derived from the glycols, and 
corresponding with the two series of glycollates, esters, mercaptans, 
etc. : 

HO.CH,CHg.OH, HO.CH,CHg.NH,. and NH,.CHgCH,.NHg. 

Glycol. Hydroxyethylamlne. Ethylene Diamine. 

Therefore the amines of the glycols fall into two classes : (i) The 
hydroxyalkylamines dnd their derivatives ; (2) the alkylene diamines 
and their derivatives. 


j {a) Hydroxyalkyl Bases, or Hydramines and their derivatives. — 
Methods of formation: (i) action of ammonia on the halohydrins; 

(2) by the union of ammonia and alkylene oxides in the presence of 
water (B. 32 , 729; C. 1900, IL 1009). In these two reactions the 
products are primary, secondary, and tertiary hydroxyalkyl bases, e.g, : 


CH,v CHg.OH 

I yO+NHg= I Hydroxyethylamlne or Aminoethyl Alcohol (p. 1x7). 

CHj.NHg 


*^***)>0+NH,=™*|Q|{|-^g*>NHDihydroxyethylamineorIminoethylAlcohol. 
OHg * * 

CH 


CH,. CHg(OH).CHgv 

3 1 yO+NH,=CH2{OH).CHg-^N Trihydroxyethylamine or Azoethyl 
CH/ CHjiOHj.CHg/ 


Alcohol. 


These three bases are best separated by distillation under reduced 
pressure (B. 30 , 909). They were discovered by Wurtz and closely 
investigated by Knorr. 

(3) l^y reduction of nitro-alcohols (see above) hydroxyacid nitriles, 
amino-ketones or isonitroso-ketones (B. 33 , 2829, 3169) ; 

(4) by the action of sulphuric acid on allylamine with addition 
of water (B. 16 , 532) : 

\J[ (5) by tbe application of the phthalimide reaciion (p. 159). Alky- 
Irae halides arc allowed to act on potassium phthalimide, the re- 
action-product being heated with sulphuric acid to 200-230® : 


On the course of the reaction of the alkaline decomposition of the 
brpmalkyl phthalimides, see B. 38 , 2404. 

' (6) The dialkylated hydroxyethylamine bases are also known as 
athamines, and their carboxylic esters as alketnes (such as tropeine) (B. 
15 , IZ43). Alkamines are obtained from the halogen hydrines and 
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secondsuy amines ; also from diallgrl amino-acetic esters and mag- 
nesium alkyl halides (B. 89, 8io) : 

C,H,MgI 

(C,H,),NCH,COOC,H, (C,H,),N CH,C(C»H,),OH 

Some are possessed of physiological action (comp. C. 1904, I. 
1195 , 1906, I. 1584). 

The hydroxyethylamine bases are separated by fractional crystallization of 
their HCl salts, or platinum double salts Ihey are thick, strongly alkalme 
liquids, which decompose upon distillation 

Hydroxyethylamtne, Ammo ethyl Alcohol [Ainmethane-2-ol] [Ethanolamme], 
CHj(OH)CH2NHj, bp 1 71®, and the homologous series of the Hydroxyethyl 
Alkylamines, CHaj^OH) CHjlNHR) and CHa(OH)CH,(NR|), are best prepared 
by the addition of ammonia or the correspondmg primary and secondary amines 
to ethylene oxide in aqueous solution (A 815, 104 , 816, 31 x) Hydroxyethyl 
Dimethylamine, CHaCOH) CH2N(CHs)2, is also obtained by the breaking down 
of methyl morphimethm (Vol II Alkaloids), (B 27, ii44)* 

^ Choline, Hydroxyethyt T nmethyl Ammonium hydroxide, Bihneurine, 
Stncahn, HOCH2 CH2 N(CH3)30H, is quite widely distributed m the 
animal organism, especially in the brain, and in the yolk of egg, in 
which it is present as lecithin, a compound of choline with glycero- 
phosphonc acid and fatty acids. It is piesent in hops, hence it occurs 
in beer It has also been found in the plant Strophanthus. It 
is obtained, also, fiom sinapin (the alkaloid of Sinapis alba), when it 
IS boiled with alkalis (hence the name sincahn) It occurs, together 
with muscarine, (H0)2CHCH2N(CH3)30II(^) (B. 27, 166), m fly agaric 
(Argancus muscarius). 

History — 1 Strecker discovered this base (1862) m the bile of swine and 
oxen lit gave it tlu namt ch )hne from bile Liehretch obtained it from 
protagon a constituent of the ntrvc substance and at first named it neunne, 
from ¥€ipov nerve , this he 1 ilei changed to bilineunne, to distinguish it from 
the corresponding vinyl base which continued to bear the name neunne The 
constitution of choline was txpUined by Baeyer and Wurtz showed how it might 
be svnthctic illy prepared bv the action of trimethylamme on a concentrated 
aqueous solution of ethylene oxide . 

CHav CHaOH 

I >0+H,0-fN(CHa)a=| 

CHaN(CH,),OH. 

Its hydrocliloride is produced from ethylene chlorhydrin and 
trimethylamme. Etliylene bromide and trimethylamme at 110-120® 
produce bromethyl tnincthyl ammonium bronude, which on heating 
with water at 160°, gives chohne hydrobromide, HOCH2CH2N(CH)3Br 
(B. 36, 2901). 

Choline deliquesces in the air. It possesses a strong alkaline 
reaction and absorbs CO2 Its platinum double salt, (C6Hi40NCl)2.- 
PtCl4, crystalhzes in beautiful reddish-yellow plates, insoluble in 
alcohol. See B. 27, R. 738, for choline derivatives. 

Isochohne CH,CH(OH)N(CH,)aOH, is obtained from aldehyde-ammonia 
(B 16, 207) Homochohne I10CHaCHaCIIaCHaN(CHa),OH (B 22, 3331)- 

Neurlne, Vinyl Tnmcthyl Ammonium Hydroxide, CHa CH N(CHa)tOH, re- 
sembles cholme, from which it is produced when cholme undergoes putrescent 
decomposition ox when boiled with barium hydroxide solution. It has also 
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been obtained from the brain substance. It occurs with the ptomaines — 
alkaloids of decay of proteins, particularly in animal bodies. It may be derived 
from the bromide corresponding with choline (obtained by treating ethylene 
bromide with trimethylaniine), and the iodide (resulting from the action of HI 
on choline) when they arc subjected to*thc action of moist silver oxide : 


CH,.OH 
I 


2HI CHal 


AggO 


CHaN(CH,)aOH 

Choline. 


HoO 


CHaN(CHs)3l 

Contrary to choline, which is harmless, ncurine is exceedingly poisonous. 


CH, 

II 

CHN(CH,),OH. 

Neurine. 


CO — o 

BetaYne, Trimciliyl Qly cocoll, Oxyneurine, Lycinc, I I ,is 

^ CH2 N(CITj)3 

allied to clioline and neurine, from which it is obtained by oxidation 
(Liebreich, B. 2, 13) : 

CHjOH 2 O COOH -H«0 CO-O 

I ^ 1 ^ I I 

ch,N(CH 3)30H cii2N(cn3)30H cii,N(cn3),. 

Chnlme. , •Be tame. 

% 

As it is a derivative of amino-acetic acid it will be more closely 
examined, in company witli other betaines, with the amino-fatty 
acids. 

P’Amino-eihyl Ether C2H5OCH2CH2NH2; b.p. 108°, is obtained 
from j3-chlor-or j8-brom-ethylainine by means of sodium alcoholatc. 

P'Dimethylamine Ethyl Ether, C2H5OCH2.CH2N (('113)2, b.p. 121®, 
occurs in the break-down products of various morphine bases (Vol. II. ; 
Alkaloids) (B. 37 , 3504 ; 38 , 3150). 

Dihydroxyeihylamine, NH(CH2CH20H)2, m.p. 28°, b.p.joo 270°, is 
prepared from ethylene oxide and dibromodiethyl amine. 

^-Diaminoeihyi Ether, 0(CH2CH2NH2)2, b.p. 183-184°, is obtained 
by the break-down of its diphthalyl derivatives, which, in turn, are 
prepared from diido-ether and 2 molecules of potassium phthalimide 
(B. 38 , 3411). 

Diethyleneimlde Oxide, Morpholine, 0 <ch* CH produced when 

dihydroxyethylamine is heated to 160° with sulphuric acid, and distilled with 
potassium hydroxide; also, from diiodo-ether (pp. 129, 320) and toluene sulpho- 
namidc (Vol. II.), and subsequent decomposition of the toluene sulphomorpholine 
formed (B. 34 , 2O0O). See B. 22 , 2081, for homologous morpholines. It is 
assumed that the same atomic grouping exists in morphine as in morpholine, 
hence the name. 

Trihydroxyethylamine, N(CH3CH,OH3), b.p. 278°, Y-Amino-T.-propanol, 
CH3CH(OH).CH3(NH3), b.p. i6i*; i-Amino-2‘hutanol. CH,CH,CH(OH)CH,.NH3, 
b.p. 204®, 2 -Amino-^~pentanol, CH,CH,CH(OH)CH(NH,)CH3, b.p. 174°, etc., 
are prepared by reduction from the corresponding nitro -alcohols ; 1- Amino-2- 
propanol and 2 -Amino-yhutanol, CHsCH(OH)CH(NH,)CHj, also from the 
corresponding isonitroso-kelones ; i-Amino-2-butanol and 2-Amino-ypentanol 
also from the corresponding amino-ketones (B. 32 , 1905 ; 33 , 3169 ; 37 , 2480 ; 
C. 1902, I. 716, 717). 

1- Amino- d^-iutanol, CH3(OH).[CH,],CHi(NH,), b.p. 206®, is produced from 
y-cyanopropyl alcohol by sodium and alcohol (B. 88, 3170); methyl ether 
(B. 82 , 948). 

Diacetone Alkamine, (CH3)jC(NH,).CH3CH(OH)CHa, b.p. 175®, results on 
reducing diacetonamine (p. 230) (A. 183 , 290 ; B. 80 , 1318). 

For homologous alkamines, see also B. 14 , 1876, 2406; 15 , 1143 ; 28 , 3111 ; 
20, 1420. etc. 

. (6) Halogen Alkylaminos, or Haloid Estori of the Hydroxyalkylamlnes.— -In 
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the free state these bodies are soluble in water and not very stable. They easily 
change to salts of the cyclic imines, e.g. chloramylamine, C1CH,(CH,)4NH2, 

becomes pentamethyleneimide or piperidine hydrochloride, CH2.(CHa)4lSrH.HCl. 
On the translormation of teri.-fi- and y-chloralkylamine into piperaxonium 
bromide, see p. 337. Methods of Formation : (i) The addition of a halogen 
acid to unsataratcd amines, like vinyl- or allylamine, p. 166 (B. 21 , 1055 ; 
24 , 2027, 3220 ; 30,1124). 

(2) By the action of halogen acids on hydroxyalkylamines. 

(2a) By mixing the nitriles of the halogen substituted acids with sodium 
phenolate, reducing and heating with a halogen acid (B. 24 , 3221 ; 25 , 415) : 

Cl.CH,CHtCHaCN+Na0C4HB=C,H50.CHatH2CH4CN+NaCl 
4H 2HC1 

C,HbOCH2[CH2],CN ^O.Hb.OCHjCCHJjCHjNH, M:1CHj[CH2]bNH2.HC1. 

(3) From imidochlorides, which result from the action of PClg on the alkyleno 
dibcnzoyl diamines (p. 321), by distillation under reduced pressure (B. 38 , 
234 <>)- 

(4) When the halogen alkyl phthalimides are heated with halogen acids (B. 
21 , 2665 ; 22 , 2220 ; 23 , 90)^ e.g. : 

C,H,{gfgg+BrCH,.CH,NH,.HBr. 

Bromethyl Phthalimides. o-Phthalic Acid. 

The following arc known : 

Chlor-, brom-, iodo-ethylamine, ICIIaCHaNH*; transformation of bromethyl- 
aminc into ethylene imide, see p. 355. p~Chlorethyl Dimethylamine, ClCHjCHjN.- 
(CHjjj, b.p. no°, is an oil. Its aqueous solution changes on keeping or evapora- 
tion into tetramethyl piperazonium chloride (p. 3^6) (B. 37 , 3507). fi-Bromo- 
propylamtne, CTlaCllBrCHaNHj, results from boiling allyl mustard oil with 
hydrobromic acid, and is obtained as a hydrobromide (B. 32 , 367). y-Ckloro- 
propyl Dinuthylamine, CTCH2CH2CH2N(ClIj)2, b.p. 135® (B. 39 , 1420). y-Bromo- 
propylamine, BrCHjCHjCHaNHa. fi-Bromobutylamine, CHjCHjCHBrCHj- 
Nllg. y-Chlofohutylamine, (TTjCHCl.CTIgCHaNHa (B. 28 . 3111). h-Chloro- 
buiylamine, LlCIlaLCHJ- €-Chloroamylamine, ClCHj[CH2]4NIlj. j8- 
Methyl-€~chloro~n-amylamtne, CH 2C1[CH2] 2CH(CH j)CH2N}l2. p-n-Propyl-e- 
chloro-w-amylamtne, OHjClpTIj] 2^11(0 jlIylCHjNHj (B. 27 , 3509; 28 , 1197). 
The lour last compounds lose HCl and form tetramethylene imino and 
pciita methylene imine (p. 336) ; or piperidine, pipecoliiie, and jS-propyl 
piperidine. 

h-Chlorohexyl amine* C1[CH2]4NH2, and y -Chlor oheptylamine, C1[CH2],NH2, 
with 5-chlort)amylamine, are obtained from the alkylcne dibenzixnide chlorides 
(method above), and, like it, yield a cyclic imide (p. 334). 

Dibromodiethylamine, NH(CIl2CH2Br)a (B. 30 , 809). 

(c) Sulphur derivatives of Hydroxyethylamine. Aminoethyl Mercaptan Hydro- 
chloride, IlCl.NHg.CHgCHgSH, m.p. 71®. Thiodiethylamine, (NH2CH2CH2)2S, 
b.p. 232® (comp. F.thylone Inline, p. 335). Diaminoethyl Disulphide Hydro- 
chloride, (NH2CHaCHjS).2lKT. m.p. 253®. Diaminodiethyl Sulphone, (NHgCHg- 
CHa)aS02, and Diaminos ulphonal, (NH2.CHaCnaSOa)aC(CHa)a, m.p. 85®, are 
prepared from bromethyl phthalimide (B. 22 , 1138; 24 , 1112, 2132, 3101; 

38 , 1372)- 

Taurine, Aminoisethionic Acid, NH2CH2CH2SO3H, has already 
been discussed under isethionic acid (p. 325). 

11 . Alkylene Diamines. — The di-, like the monovalent alkyls, can replace 
two hydrogen atoms in two ammonia molecules and produce primary, secondary, 
and tertiary diamines. These arc di-acid bases, and are capable of forming 
salts by direct union with two equivalents of acids. Some of them have been 
detected with the ptomaines or alkaloids of decay (B. 20 , R. 68) and are therefore 
worthy of uote, e.g. tetramethylene diamine, and pentamethylene diamine or 
cadaverine. 
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Formation : (i) They are prepared by heating the alkylene bromides with 
alcoholic ammonia to loo^ (p. 157) in sealed tubes : 


BrCH,.CH,Br+2NH,=C,H*<^*J*2HBt 

Ethylene Bromide. Ethylene Diamine. 

2BiCH,CH,Br+4NH,=NH<::^jj[*;^“«>NH.2HBr+2NH4Br 

Diethylene Diamine. 

/CtH.v 

3BrCH,CH,Br+6NH,=NfC,H4-$N.2HBr+4NH4Br. 

^ Triethylene Diamine. 

To liberate the diamines, the mixture of their hydrobromides is distilled with 
KOH and the product is then fractionated. 

(2) Another very convenient method for the preparation of diamines is the 
reduction of (a) alkylene dicyanidcs or nitriles of dicarboxylic acids (q.v.) with 
metallic sodium and absolute alcohol (see p. 158 and B. 20 » 2215) : 


CN CH,NH, 

I +8H=v! : 

CN CH2NII, 

Dicyanogen. Ethylene 

Diamine. 


CH,.CN 
^H,.CN ' 

Ethylene 

Cyanide. 


. CH,.CH,.NH, 
8H= I 


Tetramethylene 

Diamine. 


(h) By the reduction of the oximes, (c) of the hydrazones of the dialdehydes 
and diketones, and (d) of the dinitroparaffins. 

In some of these reductions cyclic imines have been observed ; thus, in the 
reduction of ethylene cyanide in the presence of tetramethylene diamine, letra- 
methylene imine is formed. 

(3) From dicarboxylic amides, bromine and alkali hydroxide (B. 27 , 51 1 ) 
(P- 159 )- 

(4) From dicarboxylic azides (J. pr. Ch. [2], 82 , i8g). 

(3) From alkylene diphthalimides on heating svith HCl: 


^•H‘{(I)CO>N[CH.].N<c8(2)}c«H. 

Tnmethylene Diphthalimide. 


^ . 2C,H4(C0.H), 

4H,0 HU.NlI.CHaCHjCHjNHa.HCl 
Trimethyk ue Diamine Hydrochlonde. 


(6) From diamino- mono- and -di- carboxylic acid, by dry distillation (C. 1905, 
II. 463) ; 


CH,.CH,.CH{NH,)COOH CH4CH4CH,NH,* 

<!:h,.ch,.ch(nh,)cooh cHjCH.cHjNH, 


+2CO,. 


Properties. — The alkylene diamines are liquids or low melting solids of 
peculiar odour, which, in the case of those that are volatile, resembles that of 
ammonia and recalls that of piperidine. They fume slightly in the air, and 
absorb caibon dioxide. It is found that the melting points of the homologous 
series are not regular in their increase, but those of members containing an even 
number of C atoms are higher than of those containing an uneven number. The 
boiling points, on the other hand, show a regular increase (J. pr. Ch. [2] 62 , 
192 ; C. 1901, 1. oio). 

Reactions . — Alcohol and acid radicals can be introduced into the amino- 
groups of the diamines in the same manner as in the amino-groups of the mon- 
amines (Action of formaldehyde, sec B. 86, 35). The production of the dibenzoyl 
derivatives, e.g. C,H4(NHC0C,H5)2. upon shaking with benzoyl chloride and 
sodium hydroxide, and Ihft; formation of phenyl ureas, (CH2)n(NHCOC4H5)t> by the 
action of phenyl cyanate, is well adapted for the detection of the diamines 
(B. 21 , 2744 ; C. 1905/ I. 274). On the conversion of the alkylene dibenzoyl 
diamines into chloralkylamiues and alkylene dichlorides, see p. 320. Nitrous 
acid converts them into glycols, at the same time unsaturated alcohols and 
onsaturated hydrocarbons arise (B. 27 , R. 197). 

• Further, the diamines unite directly with water, forming very^table ammonium 
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oxides, which only give up water again when they are distilled over potassium 
hydroxide (comp Pentamethylcne Diamme) . 

CH,NHa CHjNH.v 

I +HtO=s I yo. Ethylene Diamine Hydroxide. 

CH,NH, CH, NH,/ 

By loss of ammoma they pasb into cychc imines. 

Ethylene Diamine, mp 85°, bp 1165®. combines with water 

to form Ethylene Diamine Hydroxide m p 10®, and b p 118® It reacts strongly 
alkaline, and has an ammoniacal odour 

Nitrous acid converts it into ethylene oxide Ethylene Dimiramint 
NOjNHCH, CH^HNOj (B 22 , R 295) Thionyl Ethylene Diamine, SO N.CH, - 
CHj N SO. m p 5®. b p 25 100® (B 30 , 1009) 

i-thylcne diamine and ajS propylene diamine like the orthodiammes of the 
benzene s»entb, combine with orthodiketones, e g phenanthraquinone and 
b^nzil, to form pyrazme derivatives, similar in structure to the quinoxahnes 
they also unite with the benzaldehydts and benzoketones (B 20 , 276 , 21 , 2358) 
The action on ethylene diimme of CbCl2 (B 27 , 1663), and of aldehydes (C 
1899 1 59t . B 40 , 88t) . 

Diacetyl Ethylene Diamine, m p 172®, consists of cfnourless needles When 
this compound is heated beyond its melting point, water splits off, and there 
follows an inner condensation that leads to the formation of a cyclic amidine 
base closely allied to the glyoxalines It is ethylene eihenyl amidine or methyl 
glyoxahdtne, which under the n ime Lysidine m p 105® b p 223®, has been 
recommended as a solvent for uiic acid (B 28 , 1176) Ihe corresponding 
propylene and tnmethylene diamine derivatives react similarly (B 86, 338) : 

:h2NHcoch, ch, nh. 

I = I >CCH24CH2C0,H. 

CH,NHCOCH, ClI, N-" 

Diacetyl Diethylene Ethylene Ethen 


CH, CH NH, 

Propylene Diamine, I , bp 119-120® (B 21, 2359), has been 

( 11, NH* 

rcsolvi d into optically active components by means of d-tartaric acid 

1 Propylene Diamine, Wd - — 19 n®. forms a d-tartrate. which is sparingly 
soluble (B 28 , 1180) 

Trimethylene Diaipine, ‘^Hi<cH*NH! '’P *35-136- (B 17 . I 7 W, 21 , 
2670) has been prepared by general methods 1,3, and 4 (from glutanc diazide), 
and (2if) by reduction of i ^-dinitropropane (p 155) 

ay Trimethyl Trimethylene Diamine Diammo p methylpentane (0113)20 
(NH2)CH2CH(NH2)OIl3 is obtamed from diacetone ammo oxime (p 230) by 
reduction with sodium amalgam (M 2^ 9) , also by reduction of acetyl acetone 
dioxime with sodium and alcohol By the second method a labile a diamino 
pentane b p 20 47® is produced which is converted into the stable diammo- 
pentane bp ^2 44® )longed boiling with alkalis Both bases yield c>chc 

cthdiyl amidmes when he ttd with acetic acid (see above) (B 82 , 1191) 

Tetramethylene Diamine, 1,4 Diaminohutane, NH,[CH J4NH,, m p 27®, is 
obtain* d from ethylene cyanide by gcmral methods 2a and 26 from succin* 
aldehyde dioxmie (p 355) (J^ 22 , 1970 , 40 , 3872) It is found during 

cystmuna in the urine and faeces With regard to its identity with putresceine 
(which IS produced diinn,' putrescence), see B 40 , 3875 Tetramethyl Teirts- 
methylene Diamine, (CHa),^ [CH,], N(CH3),, bp 169®, occurs in Hyocyamus, 
Henbane (B 40 , 3869) % 

\,\-Diaminopentane, CH,CH(NH,)CH,CH,CH,NH, bp 172®, is formed 
from the nitrile of pyioracemic acid according to method of formation 2a. 

2,5-Diaminohexane, CH3CH(NH,)CH, CH,CH(NH,)CH„ b p 175®, is fonned 
from the diphenylhydrazone of acetonyl acetone (p 356) according to 
method of formation 2c It exists m two forms which are characterized by their 
dibenzoyl denva^ves : a-denvativc, m p 238® , /9-denvative, m p 183-183®. 
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They bear a relation to each other similar to that shown by racemic acid 
and mesotartaric acid (B. 28 , 379). 

i,/^’Diain%n<hZ~methyl Ptf^i/an«,CH8CH(NH2)CHa.CH(CH,)CH2NHa, b.p. 175®, 
is obtained from a-mcthyl laevulindialdqximc (p. 353) according to method of 
formation zh (B. 23 , 1790). 

Penlamethylene Diamine, Cadaverine, Diamino pentane, NHaCHa-CHa.- 

CHa.CHaCHaNH,, b.p. 178-179®, is obtained by the reduction of trimethylene 
cyanide (method of formation za) (B. 18 , 2956 ; 19 , 780) ; also from penta- 
methylene diphthalimidc (by method of formation 5) (Preparation, see B. 87 , 
3583) : and further, from lysine (1,5-diaminocapioic acid) (mode of formation 
b, p. 332). It forms a hydrate containing 2 H ,0 (B. 27 , R. 580). It is identical 
with cadaverine, a ptomaiqe isolated from decaying corpses (B. 20 , 2216, and 
R. 69). 

Neuridine, C4Hi4Na (B. 18 , 86), formed by the decay of fish and meat, is 
isomeric with pontamethylene diamine. 

Hexamethylene Diamine, i .b-Diaminohexane, NHjCClIJeNllj, m.p. 42®, 
b.p. 20 100®, is formed in the hydrolysis of Hexamethylene Diethyl Urethane, 
[CH2L(NHC0 302115)2, m.p. 84®, which results upon boiling the suberic acid 
azide with alcohol (J. pr. Ch. [2] 62 , 206). Also from i,e>-diaminosubcric acid 
by distillation (mode of formation G, p. 332) ; fnrther.^by reduction and hydrolysis 
of c-benzoylaminotapio’Ivyicid nitrile, CgHjCOMH^^ HjJgCN (B. C8, 2204). 

Ueptamethylenc Diamine, NH2(CH2]7lsTl2, m.p. 29®, b.p. 224®, is prepared 
from azelaic amide and KBrO, and from pimelic nitrile by reduction (B. 38 , 
2204). 

I, S-Diamino- octane, CHaNHa^CllalBCHaNHj, m.p. 51®, b.p. 226°, is ootained 
from the amide or azide of scbacic acid (method of formation 3 or 4) (J. pr. Ch. 
[2] 62 , 227); and from 1,8-diamiiioscbacic acid (method of formation 6, 
p. 332). Its hydrochloride gives a-butyl pyrrolidine on heating (C. iqoh, II. 527). 
i,g-Diamino-nonane, m.p. 37®, b.p. 258°, is obtained from azelaic nitrile {q.v.) 
(C. i8q 7, II. 8.jo). 

1,10-Dekamethylene Diamine, Nll2CH2(CHa)8CHa.NIl2, m.p. 6i-5®, b.p.,, 
140®, results from the nitrile of scbacic acid (method of foimation za) (B. 25 , 2253). 


Cyclic Alkylene Imines. 

Two classes of these substances are known — the alkylene monimines, 
which contain one imino-group, and the dialkylene diimines, which 
contain two alkylene residues and two imino-groups. 


I. Alkylene Monimines. 

To this group belong compounds corresponding with the alkylene oxides : 



Pimethylene Imine Trimcthylene 

Ethylene Imine. Imine. 


CHa— CHav 
I >NH 

CH,— CIl/ 

Tetramothylene 

Imiuc. 


ca/ 

Vll,- 




>H. 
. fH,/ 
PentanK thylene 
fmiue. 


Methods of FormaHon. — (i) Upon heating the diamine hyilrochlorides, when 
ammonia splits off as ammonium chloride, e.g. : 


ClH.NH,CH,CH,CH,CH,CH,NH,.HCl=iH,CH,CH,CII,CHiNH.HCl+NH,Cl. 

PentaoMthylene Diamine Hydrochloride. Pentam^ thylene Iiiude, Piperidine. 

(2) By the splitting-off of halogen acid from the halogen alkyl amines — 
e.g. when the hydrochloride is heated, or when it is digested with dilute potassium 
hydroxide (B. 24 , 3231 ; 25 , 415) : 

aCH,CH,CH,CH,CH,NH, = (Jh.CH.CH.CH.CH.iIh.HCI. 

c>ChioramyUmine. Piperidine Hydrochloride. 

(3) They are produced, together with the diamines, in the reduction of 

alkylene dicyanides. ^ 



NITROGEN DERIVATIVES OF THE GLYCOLS 


The tendency to form imino-rings and the stability of such rings towards 
reagents producing cleavage, depends on the number of members taking part 
in their structure, as has been seen to be the case among the ethylene oxides 
(p. 317). 

Whilst ethylene imine is easily decomposed (see below), the tetra- and penta- 
methylene imines are very stable, and special methods are required to break 
them open. Such are : (i) the iodomeihylate method, which breaks the quaternary 
ammonium iodides into olefine dialkyl amines by means of alkali ; (2) oxidation 
of the benzoyl imines, which produces benzoyl amino-fatty acids ; (3) heating 
benzoyl amines with phosphoric halides, forming dihalogen paraffins and benzo- 
nitrile (comp. p. 321). These methods will be discussed under Heterocyclic 
Compounds (Vol. II.)- • 

llic investigation of the hexa-, hepta, and deca-methylene imines leaves it 
lather doubtful as to whether these ring-systems can exist ; it appears, however, 
that the hydrochloride of octomethylene diamine can be prepared by heating 
dccamethylenc diamine, with the partial atomic rearrangement to form a-alkyl 
pyirolidine (sec below) (comp. B. 80« 2193, 4110 ; C. 1906, II. 527). 

CH2V 

Ethylene Imine, Dimethylene Imine, | yNH, b.p. 55°, 022=0-8321, is 
• CHg ^ 

obtained from bromcthylamine by means of Ag20 or p6tassium hydroxide solu- 
tion. It is a water-clear liquid, which smells strongly of ammonia, dissolves in 
water, and acts corrosively on the skin. It is stable against permanganate and 
biomme, which shows that the above formula is correct rather than the earlier 
vinyl formula which was assigned to it. With benzene sulphochloridc (Vol. II.) 
and alkali, it forms a sulphamide, insoluble in alkali. It combines with hydro- 
bromic acid in the cold to form bromcthylamine, witli HjS to thiodiethylamine, 

CHav 

and with sulphurous acid to taurine. iirMethyl Ethylene Imine, | ^NCH„ 

b.p. 28®, is prepared from chlorcthyl methylamino, ClCHaCHaNHCHg, and alkali. 
Similarly to ethylene imine, it is converted by lodomethane into iodo-ethyl 
trimethyl ammonium iodide, ICIl3CH2N(CHa)aI (B. 34, 3544). 

Trlmethylene Imine, CHs<^J^*>NH, b.p. 63°, Dao=o-843fi. If trimethylene 

bromide and alkali react on ^-toluol sulphamide, p-toluol sulphotrimethylene 
iniidc is produced ; and when this is hydrolyzed by sodium in amyl alcohol 
solution, tnmcthylcne iinide is produced. It is easily decomposed by acids, as is 
ethylene imine (B. 32, 2031). 

CHa-CHav 

Tetramethylene Imihe, Tetrahydropyrrole, Pyrrolidine, | /NH, b.p. 87®, 

CHj.CHa^ 

is obtained from tetramethylene diamine (method of formation i); from 
8-chlorbutylamine and potassium hydroxide (method 2) (B. 24, 3231), and by 
the reduction of pyrroline, the first reaction-product of pyrrole (B. 18, 2079), 
and of succinimide (see Succinic Acid) (B. 32, 951) • 


eH=CHv 

I >nh 

GH=CH'^ 

Pyrrole. 


aH CH.CH, V 

II >NH 

CH-CHa'^ 

Pyrroline. 


CHa.CHav 

I >NH. 

CHa.CHa^ 

Pyrrolidine, Tetramethylene 
Imide. 


Tetramethylene imide has an odour resembling that of piperidine. Tetia^ 
methylene Nxtrosamine, CaHgNNO, b.p. 214® (B. 21, 290). n-Methyl Pyrrolidine, 
(CHaliNCHa, b.p. 82®, is produced by distillation of tetramethyl tetramethylene 
diamine dichloromethylate (p. 333). 

CHa.CH(CH2)v 

1- or a-Methyl Pyrrolidine, | b.p. 79^ « obtained from 

CHa.CHa-*^ 

y-valcrolactam (7.V.). 

2- or p-Methyl Pyrrolidine, b.p. 103® (B. 20, 1654). 
i, ^-Dimethyl Pyrrolidine, b.p. 107® (B. 22, 1859). 
it^'^Tetramethyh Pyrrolidine (C. i 905 i 
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Fentamethylene Imine, Piperidine, Hexahydropyndine. 

b.p. io6®, is obtained according to methods i, 2 (B. 25 , 415) and 3 
(P- 334) J also from piperine (Vol. II.), and by the reduction ot pyridine, 
into which it passes when it is oxidized : 

6 H 


CH 


XH— 


\:h= 


CH' 

Pyridine. 




jN 


30 


CHa< 

V.H, ('H. 


,vn* 
Pipeiidinp. 


'^NH. 


Piperidine bears the same relation to pyridine lliat is sustained by 
P5nrrolidine to pyrrole. Therefore, tetramethylene imide and penta- 
methylenc iniide link the pyrrole and pyridine groups to the simple 
aliphatic substances, the diamines, and their parent bodies, the glycols. 

The pyrrole and pyridine derivatives will be discussed later in 
connection with the ^heterocyclic ring systems, together with allied 
bodies, and pyrrolidine and piperidine will again be referred to. 


IT. DIalkylene Dlimines. 

This class embraces those compounds corresponding with diethylene oxide 
(p. 316), diethylene disulphide (p. 324), and diethylene imido-oxide or morpholine 
(P- 330)- 


/ Diethylene Diimine, Piperazine, Hexahydropyrazine, 

m.p. 104°, b.p. 145®, was first prepared by the action of ammonia 
on ethylene chloride. It is produced by heating ethylenediamine 
hydrochloride (B. 21, 758), and by the reduction of pyrazine, 

7^4) • technically made from diphenyl 

diethylene diamine, the reaction-product of aniline and ethylene 
bromide, when it is converted into the p-dinitroso-compound, and the 
latter then broken down into p-dinitrosophenol and diethylene diamine : 

Diethylene diamine, or piperazine, is a strong base, soluble in 
water, which upon distillation with zinc dust, clianges to pyrazine 
(Vol. II.) (B. 26 , R. 441). It is important that piperazine unites with 
uric acid to form a salt even more readily soluble than the lithium salt. 
Hence its strongly alkaline, dilute solution has ’)een recommended 
as a solvent for uric acid (B. 24 , 241). For piperazine derivatives, see 
B. 30 , 1584. 

Quaternary Piperazonium Halides are obtained by the action of iodo-alkyls 
on piperazine (B. 86, 145) ; and also by spontaneous change of jS-chlor- or brom- 
ethyl dialkylamines (p.’33i) whereby the oily bases are converted into solid 
neutral salts : 

2C1CH,CH,N(CH,), aN(CH,),<cHjZcH*>N(CH,),a. 

Chlonthyl DimethylamiBe. Tetramethyl Piperaionium Dichloiide. 

Alkali produces ethylene methylimine and the polymeric n-dimethyl piperaxifie^ 
whilst chlor- and brom-ethylamine yield only ethyleneimine. . 



ALDEHYDE-ALCOHOLS 


337 


Dlplpaildyl Hperaionlum Bromide. is 

obtained, analogously to the above, from /8-bromethyl piperidine, (CH,)|NCHt- 
CHsBr. It is also prepared from piperazine and two molecules of dibromo- 
pentane. 

These quaternary pipcrazonium halides are decomposed by alkalis partly 
into acetylene and tetra-alkyl ethylene diamines : 

C 1 N(CH,),<^hJII^h|>N(CH,),C 1 — 

and partly into hydroxcthyl dialkylamines. 

Dry distillation decomposes tetramethyl piperaaonium chloride into chloro- 
methane and n-dimethyl piperazine (B. 87 , 3507 ; 38 , 3136 ; 40 , 2936). 

Trimethylene Ethylene Diimine, C H^^ C H 1O9®, is 

prepared from trimethylene ethylene p-toluene sulphimide, 

C,H,S 0 ,N<CH.— 
and HCl (B. 82 , 2041 ; 88, 761). 

BIs-Trlmethylene Dilmlne, m.p. is*, b.p. 187*. 

is obtained from its p-toluene sulphimide, which is the product of reaction 
between trimethylcne bromide and the di-sodium salt of di-p-toluene sulpho- 
trimethylcne diamide, CH3C,H4SO,NNa.CH,CH,CH8.NNaSO,C«H4CH, {B. 82 , 
2038). 

The spontaneous change of y-chloropropyl dimethylamine, ClCHjCH,CH,N- 
(CH,)2. produces Bis-trimethyleyie Tetramethyl Dttmomum Chloride , C 1 (CH 8 ),N- 
[CH3CHsCH2]2N(CHa)aCl (comp, above, pipcrazonium bromide; and B. 30 , 
1420). 

2. ALDEHYDE-ALCOHOLS 

These contain both an alcoholic hydroxyl group and the aldehyde group 
CHO, hence their properties arc both those of alcohols and aldehydes (p. 191). 
The addition of 2 H-atoms changes them to glycols, whilst by oxidation they 
yield the hydroxy acids, containing a like number of carbon atoms. The most 
important representatives of this group are the j 3 -hydroxy aldehydes or aldols, 
which result from the aldol condensation of the simple aldehydes. 

Glycollic Aldehyde, [Ethanolal], CH2(OH)CHO, m.p. 95-98“, is the first 
aldehyde of glycol, ahd can be obtained from it by oxidation with hydrogen 
peroxide in the presence of ferrous .salts. It is also prepared from bromacetalde- 
hyde and barium hydroxide solution, and from chloracetal by treatment with 
alkali followed by acid (C. 1903. I. 1427). Further, it is very easily produced 
from dihydroxymalcic acid (an oxidation product of tartaric acid) by heating it 
with water at 50-60°. A noteworthy formation, although only in small 
quantities, is that by condensation of formaldehyde by means of CaCO* (B. 39 , 
50). Glycollic aldehyde remains behind, when its solution evaporates, as a 
slightly sweet syrup ; this can be distilled under reduced pressure, when it 
solidifies ; on melting it undergoes condensation very easily. Bromine water 
oxidizes it to glycollic acid (p. 362), whilst it is condensed by sodium hydroxide 
solution to tetrose (q.v.), and by sodium carbonate solution to acrose (q.v.) (B. 
25 , 2552, 2984 ; C. 1899, II. 88 ; 1900, I. 285). Hydroxylamine gives rise to 
an oily oxime (C. 1900, H. 312), and phenylhydrazine and acetic acid produce 
glyoxal osazone (p. 356). 

The following derivatives of glycol aldehyde have already been discussed : 

CHO CH(OC,H,), CHCl,* CHCl, 

' CH,Cl(Br,I), CH,Cl(Br) CH.OH CH.Cl 

IConochlor- (brom-, iodo-) Monochlor-(brom- Dichlon’thyl i.a-Trichlorethan* 

acetaldehyde (p. 203). acct.il (p. 205). Alcohol (p. ii7). (p- 95)- 

Glycol Acetal, CH,OH.CH(O.CaH,)3, b.p. 167®, is obtained from bromacetal 
(B. 6, xo). 

VOL. I. 


Z 
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Glycol Dimethyl Acetal, CH,OH.CH(OCHj)„ b.p. 158®, is produced from 
glycol aldehyde by hydrochloric acid in methyl alcoholic solution (B. 89 f 3053). 
Ethoxyacetal, CjH50.CH2CH(0C,H5)j, b.p. 168®, is prepared from 1,2-dichlor- 
ether (p. 129), or from chlor- or brom-acctal and sodium alcoholate. Greatly 
diluted sulphuric acid or a molecular' proportion of water in acetone solution 
produces Ethoxy acetaldehyde, CjHjO.CHjCHO, b.p. 71-73® (B. 89 , 2644 ; 
C. 1905, I. 1219 ; 1907, I. 706). Phenoxy acetal, C,H50.CH,.CH(0CjH5),, 
b.p. 257® (B. 28 , R. 295)- 

a-Hydroxypropionaldehyde, CHjCH(OH)CHO, is unknown. a-Acetoxypvo- 
pionaldehyde, b.p.,5 52-55®, is formed when a-iodopropionaldehyde and silver 
acetate react. Heated with water to 100®, aoetol (Hydroxyacctone, p. i) is 
formed. It is also obtained when a-bromppropionaldchyde is heated with 
potassium formate and methyl alcohol, instead of the expected a-hydroxypro- 
pionaldehyde (A. 335 , 266). Dichlorisopropyl Alcohol, Cl2CHCH(OH)CHj, b.p. 
147®, can be looked on as a derivative of o-hydroxypropionaldehyde. It is 
prepared from dichloraldehyde and CHsMgBr (B. 40 , 27). 

a-Hydroxybutyl Aldehyde, (CHj)jC(OH).CHO, b.p. 137®, is prepared from 
a-Bromoisobutyl Aldehyde, b.p. 113®, and water. It is an easily polymciizablc 
liquid. Sodium hydroxide solution converts it into isobutylene glycol (p. 313) and 
o-hydroxvbutyric acid.^a reaction which other aldehydes undergo (AI. 21 , 1122). 

^-Hydroxypropionatdyiyde, Hydracrylic Aldehyde, HOCHa-CHgCHO, b.p.u 
90®, IS produced when acrolein is heated with water to 100® : semicathazone, 
m.p. 1 14®, regenerates acrolein when treated with bisulphate. It easily poly- 
merizes. Alkali partially converts it to crotonaldehyde (A. 335 , 219). p- 
Hydroxypropionacetal, OHCHa.CHj.CH(OC2H5)a, b.p-ao 9 *^®, is prepared by 
prolonged boiling of dilute sodium hydroxide solution at 115® with fi-Chloro- 
propioyiacetal, bp.jo 74®. the addition product of acrolein acetal (p. 213) and 
HCl (B. 33 , 27O0). Isotriethylin, CH8CH(OCaH5)CH(OCaH5)a, or possibly 
CHa(OCaH5).CII(OCaH5)2, b.p.,, 81®, results when acrolein and alcohol are 
heated together at 50® for several days ; and also by the action of orthoformic 
ether on acrolein (B. 31 , 1014). 

Aldol, ^-Hydroxyhutyr aldehyde, CHs CH{OH).CH2.CHO, b.p.12 
60-70®, Do =1*120, was discovered by Wiirtz in 1872, It is obtained 
by the condensation of acetaldehyde by means of dilute cold hydro- 
chloric acid, and other condensation agents, e,g, K2CO3 (B. 14, 2069 ; 
24, R. 89 ; 25, R. 732 ; M. 22, 59 ; C. 1907, I. 1400). 

Aldol freshly prepared is a colourless, odourless liquid, and is 
miscible with water. It distils under atmospheric pressure, partially 
reforming acetaldehyde, but it mainly becomes converted into croton- 
aldehyde and water. 

As an aldehyde it will reduce an ammoniacal silver nitrate solution. 
Heated with silver oxide and water it yields /3-hydroxybutyric acid, 
CH3.CH(0H).CH2.C02H. 

After prolonged standing aldol polymerizes, becoming viscous, sometimes 
depositing crystals of Paraldol, (CaHgO,),, m.p. 80-90® (M. 21 , 80). If, during 
the preparation of aldol, the mixture of aldehyde and hydrochloric acid be left 
undisturbed, the aldol condenses with loss of water to Dialdan, C,H,40a, m.p. 
139®. a crystalline body which reduces ammoniacal silver solution. Tetraldan, 
C„Ha,0,, is formed simultaneous with dialdan, and does not reduce silver from 
its ammoniacal solution (C. 1900, II. 838). Diethyl Acetal of p~Etkoxybutyric 
Aldehyde, CH3.CH(OC2H5)CHa.CH(OC,H,)a, b.p.j, 73 ® (B. 31 , 1014). 

The aldol condensation is characteristic for this class of substance and occurs 
among the higher members of the series when a free hydrogen atom exists next to 
the aldehyde group. Thus, a series of /8-hydroxyaldehydes or aldols can be 
prepared. A mixture of two aldehydes 3dclds mixed aldols. The condensing 
agent mostly employed is potassium carbonate : 

2CH,.CH,CH0 == CH,CH,CH(OH)CH(CHa)CHO 
CH,0-f-(CH,),CHCHO « CH,(OH)C(CH,),CHO. 
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Like aldol itself, the homologous aldols are easily converted into a, / 9 -olefine 
aldehydes when a hydrogen atom in the a-position is free, and are stable bodies. 
If, however, there is no a-hydrogen atom present, some members decompose 
more easily than aldol into the simple aldehyde. Aldols from isobutyric aldehyde 
are further acted on by hot alkali during reaction and are transformed into the 
corresponding glycols and isobutyric acid (p. 308) (Lieben, M. 22 , 289). 

F Of misdbutyric Aldol t CHj(OH).C(CH 8 )j.CHO, m.p. 90** b.p.15 85®, is converted 
into 8-dimethyl trimethylenc glycol (p. 314) and a-dimethyl /8-hydroxy propionic 
acid by the action of alkalis. Acetoproptomc Aldol » CHj.CH(OH).CH(CHj)CHO, 
92®. Pro ptomc Aldol, b.p „ 95®. Isobutyric Aldol, b.p.i, i04®-io9®. Iso- 
butyric Isovaleric Aldol is decomposed by heat into its component parts. For 
other aldols, see C. 1904, I. 199 ; II. 1599 ; vapour pressure of the aldols, see 
M. 21 , 80. 


NITROGEN-CONTAINING DERIVATIVES OF THE AIDE HYDE- ALCOHOLS 


Nitroaldehydes. 

Nltroacetaldehyde, NOaCHsCHO, has not yet been isolated. Methazonic Acid, 
formulated otherwise on p. /5r, can piobably be looked on as being its oxime. 
It is prepared from two molecules of aci-nitrom ethane iJy a kind of aldol con- 
densation (see formation of glycol aldehyde from formaldehyde, p. 337) accom- 
panied by loss of water : 

HOaN:CH2+CH jiNOjH > [HO,N:CH.CHa.NO,H] > HOaNiCH.CHNOH ; 

ad-Nitromethane. Intermediate product. Methazonic Acid. 


Phenylhydra/ine and aniline yield respectively the Hydrazone, NOaCH,- 
CHiNiNHCgHj, m.p. 74®, and the Anilide, NOaCHaCHiNCaHj, m.p. 95® (B. 
4 f 0 , S435)‘ 

It is justifiable, on systematic grounds, to include in this section the aldol- 
like condensation products of aldehydes with potassium dinitromethane (p. 154) : 


CHaO-^CH(N02):NOOH 
aci-Dinitrome thane. 


CH2(OH).C(NOa):NOaH. 
aci-Dinitro-ethyl Alcohol. 


The resulting potassium salts form yellow crystals, which, as such or in aqueous 
solution, decompose into their components on being heated. The free acids are 
strongly acid, easily decomposable oils Similar condensation products, e.g, 
a-Dinitro-alkylamines, arc also obtained from the aldehyde-ammonias or amino- 
compounds and dinitromethane : 

CH,CH(NHa)©H-f-CHa(NOa)i CHa.CH(NH,)CH(NO,)a 

a*Dinitro jS-aminopropane. 

(CHa)aNCHaOH-fCHa(NOa)t ^ (CH,)3N.CHa.rH(NOa),. 

a>Dlnltro-^-dimcthyl Aminoethane. 


These bodies arc more stable, probably on account of their forming cyclic 
internal salts (comp. p. 327) between the acid nitro- and the amino-groups 
(B. 38 , 2031, 2040). Finally, formaldehyde and acetaldehyde unite with 
nitrobromometliane (p. 429) to form, respectively, a-Nitrobromethyl Alcohol, 
NOa-CHBr.CHaOH, b.p.45 147®, and a-Nitro-bromisopropyl Alcohol, NOaCHBr,- 
CH(OH)CHa. b.p.*, 149® (C. 1899. I- I 79 ). 

Aldehyde- Ammonias.— Ammonia gas converts aldol in ethereal solution into 
aldol-ammonia, CaHjOa-NHa, a thick syrup, soluble in water. When heated 
with ammonia the bases, CgH^aNOaf CgHigNO, oxytetraXdine (p. 215), and 
collidine, are formed. With aniline aldol forms methyl quinoline, 

(Comp alkylidene anilines.) 

Amldoaldehydes : Amluoacetaldebyde, [Ethanalamine], f2-Amino-elhanal], 
NHa CHaCHO, is obtained as a deliquescent hydrochldtide when aminoacetal, 
NH2.CHa(OCaH5)a, b.p. 163®, is treated with cold, concentrated hydrochloric 
acid. Aminoacctal is produced when chloracetal is treated with ammonia 
(B. is, 2355 ; 27 , 3093). Aminoacetaldehyde is also obtained from alkylamine 
by the splitting action of ozone (comp. p. 84, etc.) (B. 87 , 012) : 

eH|:CH.CH,NH, CH,0+OCH.CH,.NH,. 
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Aminoacetaldehyde yields pyraxine, N 


^H=CH 

'^H=CH 




(B. 26 , 1830, 2207), when 


it is oxidized with mercuric chloride. On Dialkyl aminoacetals and the Dialkyl 
aminoaceteUdehydes and trialkyl ammonium salts, see B. 30, 1504. 

Hydrazine Acetaldehyde ( B. 27, 2203) . 

Betaine Aldehyde. (CH,) jN.CHaCHO(OH) (?) (B. 27, 165), is different from 
Muscarine (p. 329), which occurs in dy agaric (Agaricus muscarius). 

Isomuscarine, HO.CH,CH(OH)N(CH 3 ),OH (?), is obtained from the addition 
product of HCIO and neurine (p. 329) with silver oxide (A. 267, 532, 291). 

a-Aminopropionaldehyde, CH3CH(NHj)CHO, is obtained by the action of 
ozone on o-styryl ethylamlhe (B. 37, 615). 

p-Aminopropionaldehyde, NH 2 CH 3 .CHj.CHO, is obtained as a salt by the 
breaking down of its acetal, NH,CH3.CH,CH(OC,H,)2, b.p.u 80®, which, in 
turn, is produced from )5-chloropropionic acetal (p. 338), by digestion with 
alcoholic ammonia. At the same time there is formed Iminodipropionic Acetal, 
HN[CH2CHaCH(OC2H5)2]2, b-p.^ i57°» which on hydrolysis yields iminodi- 
propionic aldehyde, a substance which undergoes ring-condensation to form 
p-Tetrahydropyndine Aldehyde (B. 38, 4162) : 


NH*CH,.CH,.CHO 

CHj.CHjCHO 


NH CHVC.CHO 
- I II 

CHj.CHj.CH 


y-Aminobutyric Acetal, NH2.CH2CH3.CH3CH(OCaH5)2, b.p. 196®, results 
from the reduction of ]8-cyanopropionic acetal by sodium and alcohol. Its 
Benzene sulpho derivatives condense spontaneously forming n-Benzenc sulpho-a- 
ethoxy pyrrolidine, which is reduced to Pyrrolidine by sodium and amyl alcohol 
(B. 38, 4157) : 

C,H,.SO,.NH.CH,. C,H,SO,N.CH,>. 

>CH, > / >CH, 

(C,H,0),CH.CH/ C,H,O.CH.CH/ 


HN.CII,. 

I 


Vh,. 


h-Amin<n>aleric Aldehyde, NIIaCHjCHjCIIaCHaCHO, and its homologues 
were thought to have been produced by the oxidation of piperidine (p. 336 
and Vol. II.) with HjOj ; but this is now known to be Ptpertdtne Oxide, 




3. KETONE-ALCOHOLS OR KETOLS 

The ketone alcohols or kelols are distinguished, according to the 
position of the alcohol or ketone groups, as a- or 1,2-, j8- or 1,3-, y- or 
1,4-ketols, etc. The position of these two groups, with reference to 
each other, influences the chemical character of these bodies more 
than the type of alcohol group (whether pritnary, secondary, or 
tertiary). These alcohols show simultaneously the character of 
alcohols and of ketones. 

A. SATURATED KETOLS 

a- or 1,2-Ketols sh6w tendencies to desmotropic transformations. Many of 
their modes of formation and reactions' point to the isomeric forms of the Olefine 
glycols (p. 315) or Hydroxy ethylene oxides. Acetal (p. 341) undergoes certain 
easily followed changes which permit of a decision being made as to which of 
the following four formulie are to be assigned to it : — 

- CH,CO.CH,OH Gh/(OH).CH,^ CH,C(0H):C(0H)H eH,CH(OH)CHO. 
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The di-acylates of the olefine glycols (p. 315) yield ketone-alcohols on 
hydrolysis, and some of the sodium compounds of these reproduce olefine glycol 
diacylates by reaction with acyl chlorides. 

Phenylhydrazine and the a-ketone aldehydes yield, by oxidation, osazones 
of 1,2-altlehyde ketones or 1,2-diketones (comp, the Dextroses). 

Acetyl Carblnol, Pyroracemic Alcohol, Acetone Alcohol, Acetol, Hydroxyacetone, 
[Propanolone], CHaCOCHjOH, b.p. 145-146", b-p.^ 54°, is obtained : 

(1) From chlor- or bromacctone ; or best by heating potassium formate 
and methyl alcohol, when the first formed acetyl formate is alcoholyzed by the 
methyl alcohol. 

(2) A remarkable mode of formation is from a-bromopropionic aldehyde or 
a-acetoxypropionic aldehyde (see pp. 338, 340) (A. 335 , 247). 

(3) From propylene glycol and the Sothose bactemum, or by careful oxidation 
with bromine water (C. 1899, II. 475 ; 1900, I. 280). 

(4) If glycerol vapour is passed over pumice-stone at 430-450® some acetol 
is formed. 

(5) When sucrose or dextrose is fused with potassium hydroxide, acetol 
results (B. 16 , 834). 

Acetol reacts acid (comp, formula, p. 340) (C. 1905, II. 29). Reduction with 
aluminium amalgam yields propylene glycol (p. 313) and acetone (C. 1903, I. 
132). Acetol .shows a strong reducing action, and when oxidized by the oxides of 
Cu. Hg, Fe is converted into lactic acid, with the probable' intermediate formation 
ot pyroracemic aldehyde : 

O H2O 

CHaCO.CHjOH > [CH3CO.CHO] ^ CHjCH(OH)COOH. 

Permanganate, chromic acid, and the like, oxidize acetol into acetic and 
formic acids (C. 1905, I. ig). 

Methyl alcohol containing a trace ol hydrochloric or acetic acid converts 

/’‘pj ('‘T-T O Of'W 

acetol into Bis-acetol Methyl Alcholate, *CH 

b.p. 196°. Acetol Ether Ether, CHjCOCHj.O.CjHb, b.p. 128°, is prepared from 
pro]iargyl ethyl ether (p. 129), or synthetically, from ethoxyacetonitrile, 
CaHjOCHaCN and methyl magnesium iodide. Similar homologous eihoxymethyl 
alkyl ketones (C. 1907, I. S72) may be obtained. On the formation of such 
ketones from halogen acetoacetio esters, see B. 21 , 2648. Acetol Formate, 
HCOO.rjI./"OCHa. b.p. 1O9®, and higher esters, see C. 1905. il- 754- Chlor-, 
Brom-. Jodo-acetone (p. 224) arc the haloid esters of acetyl carbinol. 

Propionyl Carbinol, Ethyl Ketol, CHjCIIaCO.CHjOH, b.p. 160®, is obtained 
from cliloroinethyl ethyl ketone, ClCHaCOCHaCHa ; also from tetri nic acid 
(q.v.) by the loss of CO2 on boiling with water. It is oxidized by Fehhng's solu- 
tion to a-hydroxy butyric acid (C. 1905, II. 116). 

The secondary a-ketone alcohols are obtained by the two following general 
methods : — 

(1) The esters of the fatty acids in ethereal or benzene .solution and in the 
presence of sodium yield acyldins (comp. Benzoin, Vol. II.) through the union 
of the two acyl radicals (C. 1906, II. 1113) • 

2R.COOC2Ha-|-4Na — > 2NaOCaH5-i-[R.C(ONa):C(ONa)R] — ^ RCO.Cn(OH)R. 

(2) Acylatcs, produced by the action of sodium on the acid chlorides of the 
olefine glycols (p. 315) yield acyloins on hydrolysis : 

HjO 

4RCOCI -b4Na ^ 2NaCl+RC(OR):C(OR).R ^ R.COCH(OII)R. 

Acetyl Methyl Carbinol, Dimethyl Ketol, Acetoin, [2,3-Butanonal], CHaCH- 
(OHjCOCHa, b.p. 148®, is produced in small quantities from acetic ester in 
ethereal benzene solution by means of sodium. Also, from methyl chlorethyl 
ketone, CHjCOCHClCHj ; from jSy-butylene glycol fp. 313) by the action of 
the Sorbose bacterium or Mycoderma aceti ; and from various carbohydrates hy 
the Bacillus tartricus (C. 1901, I. 878; 1905, II. 117; 1906, II. 1113)- , It is 
prepared from diacetyl (p. ^49) by reduction with zinc and sulphuric acid (B. 
40 , 4338). Acetyl Ethyl Carbinol, CH,CO.CH(OH)C,H5, b.p.„ 77 ^ « similarly 
obtained from acetyl propionyl (B. 23 , 2425). The sodium compound of dimethyl 
ketol (acetoXn) (obtained from acetic ester) when treated with acetyl chloride^ 
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yields the Diacetate of the Olefine Glycol, CH3C(C)COCH,):C(OCC)CHt)CHs» 
b.p.„* 1 10-115® (C. 1906, II. 1 1 13). Dimethyl Ketol polymerizes spontaneously 
to a dimer (C4HgPj)„ m.p. 95® (B. 40 , 4336). 

According to the above methods, i and 2, the following compounds can also 
be prepared ; Proptonoin, C2H5COCH(OH)CaH5, b.p.33 73®. Butyro'in, b-p.^Q 85®. 
Isobutyroin, b.p.^g 83®. Valeroin, b.p.n 156®. Pivaloin, (CH3)sCCO.CH(OH)- 
C(CH3)3, m.p. 81®, b.p.,0 80®. Capronoin, b.p., 131®. These keto-alcohols are 
reduced by sodium and alcohol partially to the glycols and partially to secondary 
alcohols. Heated with finely divided copper they yield a-diketones ; con- 
centrated potassium hydroxide solution with atmospheric oxygen converts 
them partially to tertiary alcohol acids (comp, the Benzylic acid transformation, 
Vol. II.) (C. 1906. II. 1114 ; B. 31 , 1217). 

P- or 1,3-Ketols. 

When the aldol condensation (p. 338) is carried out with aldehyde or chloral 
and acetone, methyl ethyl ketone and methyl isopropyl ketone by means of 
potassium cyanide, the following compounds result (B. 25 , 3165 : C. 
1897, I. 1018; 1905, II. 752): Hydracetal Acetone, S-Hydroxy~p-Ketopentane, 
CH3CH(0H)C0CH„ b.p. 176®. Chloral Acetone, CCl8CH(OH)CH3COCH„ 
*^-P- 75 ®- Hydracetyl Ethyl Methyl Ketone, Methyl-3-pentane-2-on-4-ol, CHg- 
CH(0H)CH(('H3)C0CH3, b.p. i«S7®. Hydracetyl Isopropyl Methyl Ketone, Di- 
methyl-3-pentane-on-2vd-4, CH3CH(OH)C(CH,)jCOCH3, b.p.jo 80°, gives on 
oxidation meso-dimethyr acetyl acetone (p. 3511. 

Dlacetone Alcohol, (CH8)iC(OH)CH8COCH8, b.p. 164®, is obtained from 
diacetonamine (p. 230) and nitrous acid ; also when two molecules of acetone 
are condensed by concentrated sodium hydroxide solution at o®. Heat reverses 
this reaction and the alkali breaks up the compound into acetone (Z. phys. Ch., 
83 , 1129 ; C. 1902, II. 1096). Loss of water changes these or 1,3-ketols into 
unsaturated ketones (p. 228) ; e.g. diacetone alcohol is converted into mesityl 
oxide. Mesityl Oxide Sesquimercaptol, (CH3)2C(SC2H5)ClIa ('(SCallglaCHj, can 
be looked on as being a derivative of diacetone alcohol. It is prepared from 
mesityl oxide, mercaptan, and HCl, and is an oil. Oxidation changes it into 
Trisulphone, (Cn3)2C(S02CaHfi).CH2.C(S02CaH3)3CIl3, m.p. 100® (B. 34 , 1398). 
A series of further derivatives of diacetone alcohol, such as D\acetone Hydroxyl- 
amine, p-Nitroso- and fi-N itro-isopropyl Acetone have been dealt with (p. 231) 
in connection with mesityl oxide. 

The haloid esters of the p-ketoles are the jS-halogen ketones (p. 225), of 
which mention may here be made of P-Chlorethyl Ethyl Ketone, b.p. 33 08°, p. 
Chlorethyl Isopropyl Ketone, b.p.,0 71 ° I and p-Chlorethyl Isobutyl Ketone, bp.i* 
80°, having the general formula ClCHaCHaCOR, which are prepared from 
)8‘Chloropropionyl chloride and zinc alkyls. 

y- or 1,4-Ketols and 8- or 1,5-KetoIs. 

Representatives of these are obtained from the products of reaction of 
ethylene bromide and trimethylene bromide on sodium acetoacetic ester, by 
boiling with hydrochloric acid (B. 19 , 2844 ; 21 , 2647 ; 22 , 119O, R. 572) : 


C 03 C,H, aHjO C 0 ,+C,H 30 H 

I — ^ 

CH3.CO.CH.CH8CH2Br CHsCO.CHjCIIaCH.OH+HBr 

Bromethyl Acetoacetic Ester. Acetopropyl Alcohol. 


CO,C.H, !,H.0 C 0 ,+C.H, 0 H 

CH,.CO.CH.Cll,rH,CH,Br CH,CO.CH,CH,CH,CH,OH +HBr. 

Brompropyl Acetoacetic Ester. Acetobutyl Alcohol. 


(1) y-Acetopropyl Alcohol, CH3.CO.CH3CH2CH2OH, b.p. 208®, with decom- 
position (C. 1903* II* 551 )- 

(2) h-Acetohutyl Alcohol, CH3.CO.CH3CH8CHaCHjOH, decomposes about 
155 ®- 

These compounds when heated give off water and become converted into 
the oxides of unsaturated glycols (below). Both ketone alcohols fail to reduce 
an ammoniacal copper solution, but when oxidized with chromic acid yield the 
corresponding carboxylic adds : Icevulinic acid (q.v.) and y-acetohutyric acid (q.v.). 
They jrield the correspo ding glycols, y-pentamethylene glycol and B-hexamethylena 
glycol, when reduced, y Methyl y -acetobutyl alcohol (B. 6z). Hydrobromic acid 
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converts them into bromopropyl methyl ketone^ CH, CO.CHtCH|CH|Br, and 
bromobutyl methyl ketone, CH,.CO CH,CH,CH,CHtBr. b.p. 216°. These bromides 
are converted by ammonia into ring-shaped imides (B 25, 2190), similar to the 
y-diketones (p 351) 'This reaction links the open, aliphatic compounds with 
the pyrrole and pyridine derivatives : 


CH.CH, 

CH C (CH,r 

Methyl Dibydrofurfurane. 


CH,CH,OH CH,CH,Br NH, CH,CH, 

<iH,COCU,“^ iHjCOCH, '^CHC(CII,r“ 

Methyl Dihydropyrrole 


CH, CHa CHa CHg CHaOH CH CH, CHaBr^^( ( Ha ^a 

(iH.C(CHa)^ iHa CO CH, (Lh, CO CH, CH.C(CH^NH 

Methyl Dihydiopyrane. , TetrahydropicoUne. 


B Olefine Ketols. 

Methoxymesityl Oxide, (CHa)aC.C(OCH3)COCH3, b p 168®, and Acetoxy^ 
mesityl Oxide, (CH8)aC:C(OCOCH,) COCH3, b p ^ 74°. ^^re derived from an 
olefine a~ketol, and are piepared from bromomesityl oxide Hydrolysis produces 
acetoxymesityl oxide and acetyl isobutyryl respectively (p. 349) (B 33, 500). 


HYDROXYMETHYLENE KETOl^KS 

Compounds of this cla'iS arc obtained fiom the ketones R CO CH3 and 
R CO C HgR' and formic cstd in the presence of sodium ethoxide, accompanied 
by the loss of alcohol . 

hClIjCOCH, — ^^CH,COCH^CHONa+C,H,OH. 

The St substan( cs were at first thought to be j8-keto-aldchydcs However, their 
pronounced acid eharactci has shown th-it thi y should be regarded as hydroxy- 
methylinc ketones, acyl vmyl ah ohols B 20, 2191, 21, R 915* 22, 

5i3» 3273 f 25, 178) According to the later nomenclature these compounds 
can be described as aci-aldchyde Ketones or aci-formyl ketones (comp p. 40). 
They dissolve in alkali carbonate solutions forming stable salts, and give green 
colouitd piecipitates with copper acetate (B 22, 1018) Acetic anhydride and 
benzoyl chloride converts them in a free state as readily as the phenols into 
neutral acetates and benzoates insoluble m alkalis Their alkali derivatives 
and ethyl iodide yield ethoxy mtthylene ketone, which is saponified by alcoholic 
alkalis, like the ethers of organic carboxylic acids These compounds, — CO CH 
-CH OH, are the fiist exceptions to the rule of Erlenmeyer (p 37), according 
to which the complex >C-=CHOH present in open chains must invariably 
become rearranged into the aldi hyde form ^CH CHO It is shown, on the con- 
trary, that when a hydiogen atom of the methyl or methylene group in acetalde- 
hyde or its homologues, R CHg CHO, is replaced by an acid radical, a rearrange- 
ment of the aldehyde form into the vinyl alcohol form is sure to follow (B 
1781) 

In conjunction with this explanation it may be mentioned that the alkoxy- * 
methylene group — eg CgHgOCH-^ — ^raay be introduced by means of ortho- 
formic ester and acetic anhydride into compounds which contain the atomic 
grouping, — COCH3CO — (B 26, 2729). eg. into acetyl acetone, acetoacetic 
ester and malonic ester. The compounds which result will be described sub- 
sequently m their proper places 

Hydroxymethylene Acetone, a,ci~Foymyl Acetone, dXi-AcetoaccHc Aldehyde, 
CH3CO CH=sCHOH, bp about 100®, readily condenses in solution to [i 35]- 
Triacetyl Benzene, CjHjCi 3 5-](CO CH3), (qv) Hydrazine converts it into 
3-methyl pyrazole, and phenylhydrazine into i-phen^ 3-mcthyl p\ra7ole {qv.). 
Hydroxymethylene Diethyl Ketone, C3H3CO C(CH3)=AlOH, mp fo®, bp 164— 
166® ^cx-Diethyl Acetyl Acetaldehyde, (CjH.laCHCOClI . CHOH, bp 174®. 
zici-Tnmethyl Acetyl Acetaldehyde, (CHslaCCOCH : CHOH, b p 148®- aci-/so- 
valeryl Acetaldehyde, (CH*)aCH CHaCOCH : CHOH b p it 52® aoi-Isocaproyl 
Acetaldehyde, CjHuCOCH * CHOH, cannot be distilled without decomposition 
even %n vacuo (C. 1905, II 393). 
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NITROGEN-CONTAINING DERIVATIVES OF THE KETONE-ALCOHOLS 

As in the case of the simple ketones, the ketone-alcohols can frequently be 
characterized through their semicarbazones, oximes, and phenylhydrazones (comp, 
pp. 227, 228). It has, however, already been pointed out that the a-ketols, 
combining with phenylliydrazine, easily yield the osazones of the a-diketones. 
The )8 -hydroxy methylene ketones react with hydroxylamine and hydrazine, as 
do the jS-diketones (p. 350) ; forming the cyclic compounds isoxazoles and 
pyrazoles. 

• Those derivatives of the ketone-alcohols, in which the alcoholic group has 
been replaced by a nitrogen group, have been most conveniently collected into the 
following series of compounds. 

lA. NITRO-KETONES 

Nltroacetone, CHjCOCHa.NO,, b.p. 152°, is prepared by oxidatioD of 
nitroisopropyl alcohol (B. 32 , 865). An apparently isomeric nitroacctone, m.p. 
49°, is obtained from iodo-acetone and silver nitrate (B. 32 , 3179) ; both substances 
are acid in character. Aniline reacts with nitroacetonc (m.p. 49®) forming 
Nitroacetone Ami, CHgC^CjHj CHaNOj, m.p. 87®, which can also be obtained 
from nitrilomesityl dioxime peroxide (p. 231) and aniline acetate (A. 319 , 230). 
On nitroisopropyl acetone, see p. 231. 

iB. Mesohalogen Nitro-alcohols, see p. 151. 

2, 2-Chloromlro propanol, CHaCCl(NOa)CHaOH, m.p. 13®, b.p.44 115®, is 
prepared from i,i-chloronitroethane and formaldehyde. 2,2-Bromonttropro- 
panol, Cna.CBr(NOa)CHaOH, m.p. 42®. 2,2-Chloromtrobutanol, CU3CH2CCI- 
(NOa)CHaOH, b.p. 145-150® (C. 1897, II. 338 ; 1898 I. 194). Trinitrotrimethyl 
Propane, (CHj)aC(NOa)C(NOa)aCHaCHa, m.p. 95®, is obtained from trimethyl 
propane and nitric acid (B. 32 , 1443). 

(2A.) Aminoketones of the saturated series are produced from the chlori- 
nated ketones by the action of ammonia or amines, from the olefine ketones by 
addition of ammonia and amines (mainly -aminoketones), and from the iso- 
nitrosoketones by reduction with zinc chloride (a-aminoketones) (B. 30 , 1515 ; 
82 , 1095). 

Amlnoacetone, CHaCOCHjNIIa, is formed by the reduction of isonitroso 
acetone and of nitroacetone (m.p. 49®). Further, by the breaking up of phthal- 
imidoacetone (prepared from potassium phthalimide and chloracetone), a salt of 
aminoacetone is obtained from which alkali liberates, not the simj)le base, but one 
of the formula C4H10N j, accompanied by the elimination of water. By boiling with 
water, the substance is converted into aminoacetone hydrophloridc (B. 38 , 752). 

Amlnomethyl Ethyl Ketone, NH2.CH4COCH2CH9, is obtained from its 
phthalyl derivative (B. 37 , 2474). Aminopropyl Methyl Ketone, CH9COCII- 
(NH 9)09115, is an oil which solidifies to a crystalline mass. Aminomethyl Iso- 
propyl Ketone, (CH3)aCHCOCH2NH9 (B. 32 , 1201). By oxidation with mercuric 
chloride, for instance, these compounds yield a pyrazine derivative, e.g. amino- 

/CfCH )— CH\ 

acetone is converted to Dimethyl Pyrazine — C(cn 

The pyrazinf s, hetines, or aldines are described among the heterocyclic compounds 
in Vol. II. The hydrochlorides of the a-aminoketoncs easily react with potassium 
cyanate forming imidazoles (Vol. II.), whilst potassium thiocyanate forms 
imidazolyl mercaptans (Vol. II.) (B. 27 , 1042, 2036). 

Amlnosulphonal. Aminoacetone Diethyl Sulphone, CH 9 C(S 09 C 9 H 5 ) 9 CH 2 NH 9 , 
m.p. 94®, results from the action of hydrochloric acid on phthsdimidosulphonal, 
the oxidation product of phthalimidoacetone ethyl mercaptol. This, in turn, is 
prepared from acetonyl phthalimide ethyl mercaptan and hydrochloric acid 
(B. 82 , 2749). 

Dialkyl Amlnoketonear are produced to a considerable extent from chlor- 
acetone and secondary amines. Dimethyl Aminoacetone, (CH3)9N.CH9COCHa. 
b.p. 123®. Diethyl Aminoacetone, b.p. 153® (B. 29 , 866). Trimethyl Acetonyl 
Ammonium Chloride, Coprin, (CH,)5N(CH9COCH9)Cl, is produced from mono- 
chloracetone and trimethylamine. Its physiological action is similar to that of 
curare (C. 1898, II. 631). 
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2B. Oleflne j 9 -Amlnoketones are prepared from acetyl acetone (p. 350) 
by the action of ammonia, primary and secondary alkylamines (B. 26 , R. 295). 
Acetyl Acetonamine, CH3CO.CH=C(NHj)CH3, m.p. 43®, b.p. 209®. Acetyl 
Acetone Ethylamine, CH3CO.CH=C(NHCj|H5)CH8, b.p. 210-215®. Acetyl Acetone 
Diethylamine, CHaCO.Cil— C[N(C2H6)J.CH3, b.p.34 i 55 °* 

3. Hydroxylaminoketones, see Diacetone llydroxylamine (p. 231). 

4. a-Halogen Ketoxlmes are formed by the action of llydroxylamine on 
monohalogon acetone (p. 224). Chloracetoxime, CH2CI.C : N(OH).CH,, b.p. 71®. 

Bfomacetoxime, m p. 36®. lodo-acetoxime, m.p. 64® (B. 29 , 1550). 

5. Ketoxime Amines. 

Tviacetonylamine Trioxime, N(CH2.C : N.OH.CHsjj, m.p. 184®, is prepared 
from chloracetoxime and ammonia (B. 31 , 2396). ^ 

6. Nitrosoketones, see Nitrosoisopropyl Acetone (p. 231). 

7. Alkylene Nitrosochlorides are prepared by the inter-action of amyl nitrite 
and hydrochloric acid (comp. p. 327) ; Alkylene Nitrosites from amyl nitrite 
and nitric acid ; Alkylene Nitrosates from nitrogen trioxide and dioxide and 
alkylencs of the type R^C : CHR. They are nitrogen derivatives of the 
a-k.loles (A. 241 , 288 ; 248 , 161 ; B. 20 , R. 638 ; 21 , R. 622 ; C. 1899, II. 17O). 
^-Isoamylene (Trimethyl Ethylene) is primarily converted by into a true 
nitroso- compound (comp. 152), a liquid showing the characteristic blue colour. 
On standing it polymerizes spontaneously to a white cry.sj:alline substance, m.p. 
7()®, which is depolymerized on melting. Alkalis partially convert the nitrosite 
into the isomeric isonitroso- compound, m.p. 126®, with some decomposition : 

(CH,)2C NjO, (CHaljCONO > (CH3)2C.ONO 

II — — >- I VBistriiriethyl->- | 

CHaCH CHjCHNO Ethylene Nitrosite. CH,.C;NOH 

Similarly, trimethyl ethylene and Nj04 yield a nitrosate, (CH3)2C(ONO,)- 
CH(N0)CH3, a blue liquid, spontaneously polymerizing to Bis-trimethyl Ethylene 
Nitrusate, m.p. consisting of white crystals, which on being warmed in 
solution bccoju'' both de -polymerized and converted into the isomeric isonitroso 
compound (B. 35 , 2^2^). Treatment with amines causes a replacement of the 
O.NO2 group foi NHR, whereby the nitrolamines are formed, which pass into 
keto-amines : 

(CHalaCO.NOj C.HgNH, (CHjljC.NHC.Hj HjO CHj.C.NHC.H* 

I ^ I ^ I 

ClIaClIiNO CfljCHNO CH, CO. 


The — ONOj group of the ainylene nitrosate can be exchanged for CN by the 
action of potassium cyanide, the resulting nitrile being convertible into the 
oxime, m p. 97^'. This bod}" decomposes into CO* and methyl isopropyl ketoxime, 
whereby its constitution is indicated : 


(CH3)2C0N03 

CH:,CNOIl 

/3-Isoamylt‘ne 

Nitiusatc. 


> 


(CH,),C.CN 


CHjCNOIl 

IsoaniylcQc 

Isonitioso- 

Cyanide. 


(CH 8 ) 2 C.C 03 H 

I 

CH3.CNOH 
Ketoxime 
Dimethyl 
Acetoacetic Acid. 




(CH,),CH 


CH3CNOH 

Methyl 

Isopropyl 

Ketoxime. 


Trimethyl Ethylene Nitrosochloride, (CIIs)aCCl.C(NO)HCH 8 , and Tnmethyl 
Ethylene N livosobyomide, (CH,)3.CBrC(NO)HCH8, behave .similarly to the 
nitrosites and nitrosates. They are prepared by the action of IICl and UBr 
respectively on a mixture of amyl nitrite and trimethyl ethylene. They easily 
polymerize to their colourless dimers, which pass on meltmg to the blue form. 
Prolonged heating converts them by isomerization into true colourles.s halogen 
ketoximes, (CH8)jCCl.C(NOH)CH„ m.p. 50®, and (CH,)aCBr.Cl(NOH)CH„ 
m.p. 79 ° (B- 37 , 5,32). 

Dimethyl lithyl Ethylene Nitrosochloride, (CH,),CCl.C(NOH)C,H,, m.p. 78*. 
Diethyl Methyl Ethylene Nitrosate, (C,H,),C(ONO,).C(NOH)CH„ m.p. 8i* with 
decomposition. 

The nitrosate and nitrosite reactions assume some importance among the 
terpenes (Vol. ll.)* 
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4. DIALDEHYDES 

The dialdehydes, ketone aldehydes, and diketones constitute a 
closely united series of compound, connected together by many 
characteristics. They are subdivided according to the position of 
the two CO groups relatively to each other : a- or 1,2-, jS- or 1,3, y- 
or 1,4, 8- or 1,5, diketo-compounds, of which the cliaracteristic re- 
actions will be described amongst the diketones (pp. 348, 355). 

Glyozal, Oxaldehyde Diformyl [Ethane-dial], CHO.CHO, m.p. about 
15®, b.p. 51°, D2 o=i i 4 , was discovered by De&ws in 1856. It is the 
dialdehyde of ethylerfe glycol and of oxalic acid, whilst glycolyl 
aldehyde (p. 339) represents the first or half aldehyde of ethylene 
glycol and the aldehyde of glycoUic acid : 

ClIjOH CHjOH CHO 

CHjOH cIhO CHO 

Glycol. Glycolyl Aldehyde. Glyozal. 

Glyoxal, glycoll\p acid and glyoxylic acid*are formed by the careful 
oxidation of ethylene glycol, ethyl alcohol (B. 14 , 2685 ; 17 , R. 168), or 
acetaldehyde with nitric acid. It can also be formed from dihydroxy- 
tartaric acid by the interaction of its sodium salt and sodium bisulphite 
(B. 24 , 3235) : 

It may also be prepared from the breaking down of ajS-olefine aldehydes (p. 84) 
by ozone, asm the case of heating cinnamic aldehyde ozonidc (sec Vol. II.) with water. 

By this means a ivimeYic glyoxal (CHO.CHO), is obtained, whilst the other 
methods result in the production of a polymeric paraglyoxcU, (CH0.C110)n when 
the aqueous solution of glyoxal is evaporated. This amorphous powder melts 
with difl&culty. When heated with P, 0 , it is converted into the monomolecular 
glyoxal, in the form of golden yellow crystals and a yellow green vapour, with 
the pungent odour of formaldehyde. It dissolves in non-aqueous solvents to a 
yellow solution. The colours are characteristic, since all bodies which contain the 
a-diketo-group-^-CO.CO — possess a more or less strongly developed colour, usually 
yellow to orange. In a small quantity of water glyoxal poly men zes to paraglyoxal ; 
in more water, it dissolves with a generation of heat to the monomolecular 
colourless hydrate, HCO.CH(OH), or (HO),CH.CH(OII)a. The aqueous solutions 
of the various modifications all give the same reactions, except with Fehling*s 
solution, which is reduced only by the trimeric glyoxal {flames, B. 40 , 165). 

Reactions. — The alkalis convert it, even in the cold, into glycollic acid. In 
this change the one CHO group is reduced, whUst the other is oxidized (comp. 
Benzil and Benzilic Acid, Vol. II.) : 

CHO CH,OH 

I -hH,0«| 

CHO COH 

It reduces ammoniacal silver solution with the formation of a mirror, and unites 
with two molecules of sodium hydrogen sulphite to form a crystalline glyoxal 
sodium sulphite, CjH20a(S0,HNa)j4-H,0. Ethyl alcohol and a little HCl 
give rise to Glyoxal Tetraethyl Acetal, (Cj|H50)jCH.CH(0CjH5)j|, b.p.j^ 89® (B. 
40 , 171). Similarly, glyoxal and glycol form Glyoxal Diethylene Acetal, 
C,H4 : OjCH.CHO, : CJI*. m.p. 134® (B. 28 , R. 321). 

Glyoxal bisulphite reacts completely with primary and secondary bases to 
form glycocolls or indole sulphonic acids (Vol. II.) according to the amino- base 
employed (B. 27 , 3238). 

The action of oonl^entiated ammonia on glyoxal results in the formation ot 
two bases, glycosine, 

CH— NH NH~CH CH— NH 

The latter, which preponderates, is formed still more completely from glyoxal, 
two molecules of NHt and formaldehyde, and is the parent substance of the 
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glyoxaiines (oxalines) or imidcaoles {pyrro [b] monogohs) (see V 61 . II.). Behaviour 
towards o-phenylene diamine, comp. a-Diketones, p. 348. 

Ring-forming Reactions. — Just as lormaldehyde unites with hydrocyanic acid 
to form the nitrile of glycollic acid, and acetaldehyde the nitrile of lactic acid, so 
glyoxal combines to form the nitrile of tartaric acid. On the condensation of 
glyoxal with malonic ester and acctoacetic ester, see B. 21 , R. 636. 

Glyoxime (see p. 354). Glyoxal Osazone (see p. 356). Urea combines with 
glyoxal to form glycol uni (q.v.), a. diureide. 

Acetaldehyde Dlsulphonio Acid, CH0.CH(S03H)a, can be considered as being a 
derivative of glyoxal. It is prepared (i) in the form of its bisulphite compound, 
when chloral is warmed with potassium sulphite ; (2) by the saturation of fuming 
sulphuric acid with acetylene (comp. pp. 87, 210) ; (3) by the action of fuming 
sulphuric acid on acetaldehyde (C. 1902, I. 405). By warming with alkalis it 
passes straight into the salts of formic and methionic acids (A. 303 , 114). The 
dialhylamides of acetaldehyde disulphonic acid are obtained from sodium 
methionic dialkylamides and formic ester : 

HC00CH,+NaCH(S03NR3)3 > HCO.CH(SO*NR,)3 or 

HOCH:C(SO,NR,)„ 

which, on account of its acid character probably contains the hydroxymethylene 
group (comp. p. 343 ; comrrtlinicated by G. Schroeter). JFurthcr derivatives of 
glyoxal arc those which result from the action of 2HCIO, 2HBrO, and 2Br, on 
acetylene — dichlor acetaldehyde, CHCl2^MO, dihromacetaldehyde, CHBrjCHO 
(comp. p. 203), acetylene tetvahromide , CllBra.CHBrj (p. q6). 

Malonic Dialdehyde, CH2(CHO)2, has not yet been isolated. If j8 -hydroxy- 
propionic acetal (p. 338) is oxidized with ozone, an aqueous solution is obtained 
which appeals to contain an aldehyde. Ethoxymethylene Acetal, Ethoxy acrolefn 
acetal, C2H5OCH : CH.CH(OC2H5)2, is prepared from propiolic aldehyde (p. 216) 
by heating it with alcoholic sodium alcoholate ; from acrolein dibromide (p. 215) 
by heating it with alcohol and then with alcoholic potassium hydroxide. Its 
solution in water possesses an acid reaction and reddens ferric chloride solution, 
since it has been converted into malonic dialdchyde, or its desmotrope p-hydroxy- 
acrolein (comp. Hydioxy methylene Ketone, p. 343). 

HOC.CHaCITO or HOCII : CH.CHO. 

Similaily, propiolic aldehyde heated with aniline hydrochloride yields 
P-antline-acyohin anil, C^HgNllCH : CIl.CII : NC^Hj, m.p. 115® (B. 36 , 3658, 
3668). Propane Tetraethyl Sulphone, CH2[ClI(S02C2H5)2l2, m.p. 1 54®, is derivable 
from iiialomc Juildehyd(\ iiid 1 > synthetic illy prepiretl by the condensation of 
foim iklohyde with two moL^cules of methylene dietnyl Milphone (p. 209) (B. 33 , 

Succinic Dialdehyde [Butane-dial], CHO.CH2.CH2.CHO, b.p.^^ 67®, can be 
obtained fiom diallyl (p. 90) by means of ozone ; but is most conveniently 
prepared by breaking down it'> dioximc (p. 355), obtained from pyrrole, by NgOj. 
It is isomcnic with butyrolactonc (p. 374), and is also looked on as being the 
hydrate of fiirfuranc, from which it can be obtained by the action of HCl in 
methyl alcohol, in the form of its tetramethyl acetal, CH(OCH,),CH2CH(OCHs)a, 
b.p. 202®. The tetraethyl acetal, b.p.go 116®, results from the electrolysis of the 
sodiuni salt of j 9 -diethoxypi opionic acid (CgHjOjaCHCHgCOOK (B. 39 , 891). 
Succinic dialdchyde polymei izes readily to a glassy substance from which it is 
regenerated on distillation (i/amM, B. 35 , 1183 ; 39,3670). When heated with 
water it forms furfuranc, with ammonia pyrrole, and with PgSg thiophene (comp. 
1,4-Dikctones, p. 351). 

Dibromosuccinic Aldehyde, HCO.CHBr.CHBr.CHO, m.p. 73®, is prepared 
from the aldehyde and bromine. 

Bromofumar aldehyde, HCO.CH:CBrCHO, b.p.^g 130®, is obtained by distillation 
of the previous compound. ^ 

On the breaking down of furfurane into Nitrosuccinaldehyde, and the conversion 
of the latter, by boiling with water, into Fumaric Dialdehyde, CHO.CH : CH.CHO, 
see C. 1902, I. 1272. Dibromomalefc Dialdehyde, CHO.CBr : CBrCHO. m.p. 69®, 
is obtained from jSy-dibromopyroracemic acid and bromine water (A. 232 , 89). 

Glutarlc Dialdchyde, HCOCHgCHgCHgCHO, is not yet known. Ctf its 
derivatives, G/w^tifomc Dialdehyde, HCO.CH : CH.CHg.CHO is obtained during the 
decon^sition of pyridine (Vol. II.) ; and an a-Chloroglutc^onic Dialdehyde, 
HCO.CCl : CH.CHg.CHO, results when phenol (Vol. II.) is decomposed. The 
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latter gives rise to j3>chloropyri(liiie with ammonia, and a-thiophene aldehyde 
with HgS (B. 88, 1650). 

Adipic Dlaldehyde [Hexane-dial], CHO.[CH,]4CHO, b.p.* 93°, is obtained 
from a,ai-dihydroxysuberic acid by oxidation with PbOg. Its Tetraethyl Acetal, 
(CaH50)aCH[CH,]4ClI(0C2H5)2, b-p.^Q -148°, results troin the electrolysis of the 
potassium salt of y-diethoxybutyric acid. The aldehyde polymerizes more slowly 
than the higher and lower lionioloj^ues, although heating with water condenses it 
rapidly to cyclopentene aldehyde (V(»I. II.) (B. 39 , S91). 

Suberic Dialdehyde [Octane-dial], CHO[CH2]aCHO, b.p.,o 142®, is prepared 
from dihydroxyadipic acid and l^ljOa- It polymerizes very easily (B. 81 , 2106). 

The oximes, hydrazoncs and osazones of the dialdchydes are described together 
with the corresponding conjpounds of the aldchyde-ketoncs and diketones (p. 353). 

5. KETOxNE-ALDKHYDES OR ALDEHYDE- KETONES 

a-Ketone-aldehydes. 

Pyroracemic Aldehyde, Acetyl Formyl, Methyl Glyoxal [Propanalone], 
CHsCO.CIIO, results from the breaking down of mesityl oxid#*, CHg.CO.CB : 
C(CH 3)2, by means of ozone. Dilute acids precipitate it from its oxime, isonitroso^ 
acetone (p. ^54). It is a yellow volatile oil, which polymerizes readily. 

Methyl Glyoxal Acetal, CH3COCH (002113)2, b.p.f^ 30° ( 13 . 88, 1630). 

Derivatives include* Dichlor acetone, CHgCOCHCla, b.p. 120® (comp. p. 224), 
produced from allylenc and 2HCIO. Dibromacetone, CH8COCHBr2, b.p. 142®, 
results from allylene and 2HBrO. Similarly, Dichlor opinacohne, (CH3)^C.CO.- 
CHClg, m.p. 51®, TiXiCi Dibromopinacoline, (CHjljC.COCHliro, m.p. 75®, areobtained 
from tert. -butyl acetylene. Derivatives of t&ct.-Dutyl Glyoxal (C. igoo, 11 . 29). 

Propanal Dlsulphonic Acid, CH8C(S03H)aClI0, is prepared from propionic 
aldehyde and fuming sulphuric acid (C. 1902, I. 405). It corresponds with 
acetaldehyde disulphonic acid. 

Isobutyric Formaldehyde, Isopropyl glyoxal [3 -Methyl - butanal-2-one], 
(CH3)aCH.COCHO, m.p. 95®, is produced from dimethyl butanonal acid by 
fusion or by boiling with water (B. 30 , S61). 

jS-Ketone Aldehydes, such as formyl acetone, CHa.f’OCHaCHO, have already 
been described (p. 343), since in the free sta‘*e they assume the aci- con- 
figuration, which leads to their inclusion with the p-IIydroxymethylene Ketones or 
Olefine Ketols. 

y-Ketone Aldehydes. 

LSBVUlinic Aldehyde [Pentanal-4-one], CH3.CO.CH2.CH2CHO, b.p.,30 187®, 
b.p-ia 70®, is obtained from its methylal, b.p.13 80 ®, the reaction product of a 
boiling solution of hydrochloric acid in methyl alcohol on a-methyl furfural or 
sylvan (B. 31 , 37). 


k 6. DI KETONES 

The relative position of the CO-groups determines them to be 
either a- or 1,2-diketoncs, jS- or 1,3-diketones, y- or 1,4-diketones, etc. 

They have been regarded as diketo-substitution products of the paraffins, 
hence tlie name. The “ Geneva names '* contain the syllable " di ** between 
the paraffin name and the ending ** one " ; thus [Butane-dione] for CH3.CO.COCH3. 
The a-diketoncs are most generally designated as compounds of two acid radicals, 
e.g. diacetyl for CH3CO.COCII3 ; the jS-diketones as monoKetoncs containing acid 
radicals, e,g, acetyl acetone, CHgCO.CHa.CO.CHg. 

The diketones react like the monoketones with hydroxylamine and phenylhy- 
drazine. Their oximes, prepared in another manner, constitute the chief raw 
material from which to prepare the a-diketones. The nitrogen-containing 
derivatives of the diketones, the aldehyde ketones and dialdehydes will be dis- 
cussed after the diketohes, because of their greater significance in this position. 

For the mercaptol and sulphone formation of the diketones, see B. 35 , 493. 

(x) a- or 1,2-Diketones. 

These are obtained (i) from their monoximes. . the isonitroso-ketones, by 
boiling the latter with dilute sulphuric acid (v. Pechmann) (B. 20 , 3213 ; 21 ^ 
1411 ; 22 , 527, 532 ; 24 , 3954 l C. 1904, II. 1701) ; (see pyroracemic aldehyde). 
They are also formed (2) by the oxidation of the a-ketolef, e.g. the synthetic 
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acyloins (p. 341); and (3) accompanied by dinitro-paraffins (p. 154), when mono- 
ketones or the corresj^nding secondary alcohols are oxidized by nitric acid 
(B. 28 , 555 ; C. 1900, II. 624 ; 1901, II. 334) ; (4) from a-bromolefine ketones 
containing the group — C : CBrCO — , instead of the expected a-olefine ketone- 
alcohols (p. 343). (B. 34 , 2092). 

The a-diketoncs, in contradistinction to the colourless aliphatic monoketones, 
are yellow, volatile liquids with a penetrating quinone-like odour ; comp, 
glyoxal (p. 346). On the absorption spectra of a-diketones, see C. 1906, II. 495. 

(i) The a-diketones are characterized and distinguished from the j8- and 
y-ketones by their ability to unite with the orthophenylene diamines (similarly 
to glyoxal). In this way they are condensed to the quinoxalines {q,v .) ; 


.NH, CO.R 

CiH/ +1 

NMH. rn T? 


.N:CA 

=C,H,< I +2H,0. 
\N:CR 


All compounds containing the group — CO.CO — , e.g. glyoxal, pyroraccmic 
acid, glyoxylic acid, alloxan, dihydroxytartaric acid, etc., react similarly with the 
o-phcnylenediamines. (2) The glyoxalincs arc the products of the union of the 
a-diketones with ammonia and the aldehydes : 


CH 3 .CO • CH 3 C--NHV . 

1 4-2NH,-f-CH,.CHO== II >C.CH,-f-3H30. 

CHj.CO CHjC 


(3) Nucleus-synthetic reactions : 

a-Diketones, containing a CHj-group, together with the CO-group, undergo a 
rather remarkable condensation when acted on by the alkalis. Aldols are first 
produced, and later the quinones (B. 22 , 2215 ; 28 , 1845) : 

CHj.CO.CO CH, CH3.C(0H).C0.CH, CH3.C.CO.CH 

yield 1 and || || 

ClT3.CO.CO.CH3 CH2.CO.CO.CH, HC.CO.C.CH,. 

2 Molecules Diacetyl. Diacetyl Aldol. p-Xyloquinone. 


(4) Diacetyl and hydrocyanic acid yield the nitrile of dimethyl racemic acid 
(see glyoxal) (B 22 , R. 137). 

Diacetyl, CH3.CO.CO.CH3, Diketohuiane, Dimethyl Diketone, Dimdhyl Glyoxal 
[Butane-dioue], b.p. 87-89°, is obtained (i) from isonitroso-ethyl methyl ketone 
by the breaking dowm action of dilute sulphuric acid (B. 40 , 4337) ; (2) from 
methyl ethyl ketone or methyl ethyl carbinol by oxidation with nitric acid : 
it is □ccompani<‘d by dinitro-cthane (p. 155) ; (3) from oxalic diacetic or kctipic 
acid, COOH.tTljjCt^.Cp.CHaCOOlI, by elimination of 2CO2 by heat (B. 20 , 3183); 
(4) by oxidation of tetrinic and ifl.v.) by KMnO, (B. 26 , 2220 ; A. 288 , 27); (5) 
by electrolysis of pyroraccmic acid, CHjCO.COOH (B. 33 , 650) ; (o) from vinyli- 
dene oxanilidc, an oxalic acid derivative, and methyl magnesium iodide (B. 40 , 
186). When shaken with hydrochloric acid, diacetyl polymerizes to the tritneric 
(CH3CO.COCH3)a, m.p. 105°, b.p. 280°, which decomposes on prolonged heating 
(B. 35 , 3290 ; 36 , 954 )* 

Tetrachlorodiacetyl, CHCl2.CO.CO.CHCl,, m.p. 84°, results in the action 
of potassium chlorate on chloranilic acid (together with tetrachloracetono, 
p. 224) (B. 22 , R. 809 ; 23 , R. 20). 

Tetrabromodiacetyl, (CHBrg.CO), (B. 28 , 35) and Dibvomodiacetyl, 

(CHiBr.CO),, are produced by the action of bromine on diacetyl. 

Acetyl Propionyl, CjHg.CO.CO.CH,, Methyl Ethyl Diketone [2,3-Pentane-dione], 
b.p. ioS°, is obtained from isonitroso-diethyl ketone ; also by the hydrolysis 
of a-bromethylidene acetone, CHaCHiCBrCOCH, (B. 34 , 2092). It condenses 
to duroqiiinone. Acetyl Butyryl [2,3-Hexane-dione], C2H,COCO('H3, b.p. 128®, 
Acetyl Isobutyryl, (CH2)2CHCO.COCH„ b.p. 115®, results from the hydrolysis 
of acctoxymcsityl oxide (p. 343)- Acetyl Isovaleryl, ((?H3)2C11CH2 COCOCH3, 
b.p. m8°. Acetyl Caproyh CH3[CH2]4eOCOCH„ b.p. 172® (C. 1898. II. 965: 
1900, II. 624). Acetyl Isocaproyl, (CH,),CHCH,CH2COCOCHa, b.p. 163® (B. 

22,2117; 211,395b). 

Symmetrical diketoncs : Dipropionyl, CHaCHaCO.COCIIaCHs. Dihutyryl, 
CH,CHaCH2CO.COCH,CH,CH„ b.p. 168®, Di-isohutyryh (CHajarHCO.CO- 
CH(CH,),, b.p.* 145®. Di’isovakvyl, (CH,),CpCH,CO.COCH,CH(CH,)|, 
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/^tcfl/v'oy/.CjHuCOCOCjHi,, b.p.„ 1 10-120®. Dipivaloyh (CH8)sC.CO.CO.C(CH:a)g, 
b.p. 170®. All these bodies are obtained from the o-ketols, the acyloins (pp. 315, 
341) by oxidation with nitric acid or dehydration by means of finely divided 
copper (J. pr. Ch.[2] 62, 364 ; C. 1906, II. 1115). 

a-Diketone Dichlondes result in the hetion of hypochlorous acid on alkylated 
acetylenes (p. 89), according to the equation : 

CaH5C;CCHa+2HC10=CaH5CClj.C0CHs4-H20. 

Methyl a-Dichloropropyl Ketone, CjHa.CClji.CO.CHa, b.p. 138°, yields methyl n- 
propyl ketone on reduction ; with potassium carbonate solution it forms duro- 
quinono, angelic acid (p 2 q 8), and a-cthyl acrylic acid. The two acids re.sult from 
an intramolecular atomic rearrangement which recalls that of the formation of 
benzilic acid from benzil (p. 38). 

(2) or 1, 3- Diketones are produced according to two nucleus-synthetic 
reactions; (i) like the hydroxymethylenc ketones, 'by the interaction of acetic 
esters and ketones in the presence of sodium ethoxide, or, better, metallic sodium 
{Claisen, B. 22, 1009 ; 23, R. 40; 38, 695). 

The condensation probably proceeds similarly to that leading to the formation 
of hydroxymethylenc ketones (p. 343) and of acetoacetic ester (p. 412); the 
first step consists in the action of sodium or its compounds on the ester, the second 
in condensation and elimination of alcohol with tile formation of the sodium 
salt of the aci- form of the ]8-dikctone : 

yOCja. Na.OCjHg 

CHfiC -fCHjCOCIIa CHaC^r^CHCOCHa-fCaHaOH. 

orNaNH, ^ONa 


(2) By the action of AlClg on acetyl chloride and the subsequent decomposi- 
tion of the aluminium derivative. This reaction was discovered by Combes, but 
correctly interpreted by Gustavson (B. 21, R. 252 ; 22, 1009 ; C. 1901, I. 1263) • 


3CH»C0C1 + Aia, =^y»^Q>CH.Ca,0. AlCl, + sHCl 




H.O 




—CO, 


CH3 

CH,— 


(3) Acyl acetoacetic ester (p. 419), when heated with water at 140-150® 
decomposes into COa, alcohol and j8-diketone (acyl acetone) (C. 1903, I. 225) : 




CH,CO- 


Constitution , — The j3-dikctones, like the hydroxymethylene ketones (p. 343),^^ 
have an acid character. Although the formyl ketones are regarded as hydroxy- 
methylene derivatives, the disposition generally is to assign to the salts of the 
j8-diketones, e.g. CHa.CO.CH=C(ONa)CH8, the keto-cnol formula, retaining 
for the free ketones, however, the diketo formula. Comp, also acetoacetic ester, 
and formyl acetic ester (A. 277, 162). The molecular refraction is an argument in 
favour of this view (B. 25, 3074). 

Reactions . — A very characteristic reaction is the precipitation of their alkali 
••alts by copper acetate. Ferric chloride imparts an intense red colour to their 
alcoholic solution. 

When the salts of jS-diketonrs are treated with iodoalkyls, the CHg-group 
becomes alkylated (comp. Acetoacetic Ester) ; 


C 2 H 50 Na 

GHjCOClIjCOCsH, - - CH,COCH(Cn,)COC3H,. 

CH3I 

Hydroxylamine converts the j3-diketoncs into isoxazoles, phenyl-hydrazine into 
pyraxoles (pp. 354» 35b). 

Aoetyl Acetone, CK3CO.CU,.CO.CH3, b.p. 137° (above, for its forma- 
tion). Electrolysis of an alcoholic solution of sodium acetyl acetone, or the 
action of iodine on the same body, leads to the formation of tetra-acctyl ethane 
(B. 26, R. 884). With SgCl, and SCI 3 it forms dithio- and monothio-acctyl acetone 
respectively (B. 27, R. 401, 789). HjS produces a dimeric Dithioacetyl Acetyl 
Acetone (C5H8S3)a, m.p. 103 (C. 1901, II. 397). Cyanogen unites with acetyl 
acetone in presence of a Utile sodium ethoxide to form Cyan\midomethyl Acefyl 



DIKETONES 351 

Acetone, NC.C(NH).CH(COCHt)i. m.p. I30^ and Diimidotetra-aeefyl %utane, 
(CH,CO),C{NH)C(NH)CH(COCH,),. m.p. 147* (B. 81, 2938). 

The metallic salts of acetyl acetone resemble one another in their remarkable 
stability. Those of Be, Al, Cr, Mn, Zn, Fe, Cu, Hg, Mo, Pt'^ Ce, La, Th, and 
others have been prepared, of which some, on account of their power ot crystalliza- 
tion, have been employed for the determination of the valency and atomic weights 
of the rare elements (C. 1900. I* 5^8 I B. 84, 2584 ; A. 881, 334)- Copper Acetyl 
Acetone, Cu(C5H,Oj)j. Beryllium Acetyl Acetone, Be(C5H,0,)j|, m.p. 108®, b.p. 
270®. Aluminium Acetyl Acetone, Al(CfH 70 s)s» m.p. I93®f 3i4®* The 

vapour density of these compounds reveals the divalence of Br and the trivalence 
of Al. Chromium Acetyl Acetone, CrCCgH^Oj),, b.p. 340®, is of a violet colour, 
and gives off a green vapour (Coombes, B. 28, R. 10 ; p, 1899, II. 525). 

Octochloracetyl Acetone, m.p. 33, and Octobromacetyl Acetone, CBraCOCBr,- 
COCBr,, m.p. 154®, are obtained from phloroglucinol, and chlorine or bromine 
respectively (Vol. II.) (B. 23, 1717). 

Alkylated acetyl acetones are obtained from acetyl acetone by sodium and 
iodo-alkyls (B. 20, R. 283 ; 21, R. ii). 

Acetyl Methyl Ethyl Ketone, Acetyl Propionyl Methane, CHjCOCHjCOCjH,, 
b.p. 158®. Acetyl Methyl Propyl Ketone, Acetyl Butyryl Methane, b.p. 175® (B. 22, 
1015 ; C. 1903, I. 225). Acetyl Isobutyryl Methane, b.p. 168® (B. 31, 1342 ; 
C. 1900, II. 317). Acetyl Caproyl Methane, CHjCCH J4COCH2.COCH8, b.p. to 
100®, also results from acetyl cenanthylidene (p. 232) and sulphuric acid (C. 1900, 
11.1262, 190 I 225). 

Higher j8-diketones : see C. 1902, I. 568. 


(3) y- or 1,4-Diketones. 

These correspond with the paraquinones of the aromatic series (q.v.). 
They are not capable of forming salts, hence are not soluble in the 
alkalis. They form mono- and di-oximes with hydroxylamine, and 
mono- and di-hydrazones with phenylhydrazine ; these are colour- 
less. The readiness with which the y-iketones form pyrrol, furfurane, 
and thiophene derivatives is characteristic of them. 

Acetonyl Acetone, sym.-Diacctyl Ethane, [2,5-Hexane-dione], CHg- 
CO.CH2CH2COCH3, m.p. — 9^ b.p. 194°, ©20= 0*973, is obtained 
fiom pyiotritaric acid, C7H8OS {q.v.) \ from acetonyl acetoacetic 
ester {q.v.), when heated to 160® with water (B. 18 , 58) ; and from 
isopyrotiitaric acid and diacetyl succinic ester, when they are boiled 
with potassium carbpnate solution (B. 33 , 1219). It is a liquid with 
an agreeable odour, and is miscible with water, alcohol, and ether. 

Conversion of Acetonyl Acetone into x,^-Diinethyl Furfurane, -Thio- 
phene, and -Pyrrole {Paal, B. 18 , 58, 367, 2251). 

(1) The direct removal of one molecule of water from acetonyl 
acetone by distillation with zinc chloride or P2O5 results in the formation 
of dimethyl furfurane (B. 20, 1085) : 

CH,.CO.CH, CH=C<^*** 

I ’ =1 ^ +H,0. 

CHj.CO.CH, CH=CC^jj 

Dimethyl Furfanne. 

other y-diketone compounds react in a similar manner {Knorr, B. 17 , 
2756). 

(2) When heated with phosphorus sulphide acelonyl acetone yields 
dimethyl thiophene : 

CH,.CO.CH, CH=C<^**» 

■ +2H,0. 


I ■ +H,S=| 

CH,.CO.CH, CH=C 


S 

Dimethyl ThiopheQe. 
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All the y- diketones or 1,4-dicarboxyl compounds, e.g. the y-ketonic 
acids yield the corresponding thiophene derivatives upon like 

treatment (B. 19, 551). 

(3) Dimethyl Pyrrole is produced on heating acctonyl acetone with 
alcoholic ammonia : 

CH,.CO.CH, CH=C^**» 

I +NH.= I >NH +2 H,Oi 

CH,.CO.CH, 

Dimethyl Pyrrole. 

All compounds containing two CO-groups in the 1,4-position 
react similarly with ammonia and amines, e.g. diacctosuccinic ester 
and laevulinic ester. All the pyrrole derivatives formed as above, 
when boiled with dilute mineral acids, have the power of colouring a 
pine chip an intense red. This reaction is, therefore, a means of 
recognizing all 1,4-diketone compounds (B. ^9, 46). 

In all these conversions of acetonyl acetone into pyrrole, thiophene, 
and furfurane derivatives, it may be assumed that it first passes from 
the diketone form into the pseudo-form of the diolefine glycol (p. j8) : 

CH,.CO.CH, CH==r<^S* 

I yields I Og 

CHj.CO.CH, CH = C<”"^ 

and from this, by replacing the aOH-groups with S, 0, or NH, the 
corresponding furfurane, thiophene, and pyrrole compounds are pro- 
duced (B. 19, 551). 


cu-Dimethyl LsBVulinic Methyl Ketone, a^Dimcthyl Acetonyl Acetone, 
(CH,),CH.C0.CH,CH,C0CH3, b.p.,j 91°, is a degradation product of tanacetone, 
a terpene ketone (Vol. II.). It is prepared from methyl heptenone glycol, 
(CHs)jC(OH).CH{OH).CH,CHj.COCH„ by boiling with sulphuric acid (B. 35 , 
1179). 

1,5- or 8-Diketones are not known. If it is attempted to prepare them from 
the 8-diketone dicarboxylic esters, e.g. aa-diacetyl glutafic ester : 


CHjCO^. pTTpTT pTT^COCHj 


(resulting from the condensation of aldehydes and acetom otic esters) by splitting 
off carboxyethyl groups, there results instead of, for example, diacetyl propane 
or 2,5-heptane-dione, CH,CO.CH,CH,CH,.COCHa, a carbocyclic condensation 
product— 3-Methyl- A j-R-hexene (A. 288 , 321). 

r,6- or c-Dlketones. Diacetyl Butane [2,7-Octane-dionc], m.p. 44®, results 
from the electrolysis of potassium laevulinatc : 

2CHaC0CH,CHa: COOj K > CHaCOCHjCHj.CHjCHa.COCH,. 


It is also obtained by the ketonic decomposition of diacetyl adipic ester (q.e.) 
(B. 33 , 650). 

1,7- or l-T)\\L%Xoii\piacetyl Pentane, CHjCO.(CH,)5.COCH8, belongs to this 
class. When reduced, it undergoes an intramole cular pinacone formation and 

becomes Dimethyl Dihydroxyheptamethylene, CH3.C(OH)[CH|]5C(OH)CH3 (B. 23 , 
R. 249 ; 24 , R. 634 ; 26 , R. 316). 
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NtTROGEN-CX)NTAINING DERIVATIVES OF THE DIAtDEHYDES, ALDE- 
HYDE KETONES AND DIKETONES 

1. For the action of ammonia on glyoxal and acetonyl acetone, consult 
PP- 346- 352- 

2. Oximes. 

A. Monoxlmes. — (a) Aldoximes of the a-aldehyde ketones and monoximes of the 
ordiketones : isonitrosoketones or ox%mtdo-ketones. These bodies are formed 
(ifl) by the action of nitrogen trioxide on ketones (B. 20, 639). By this re- 
action mixed ketones, which contain the — CO — group united to two CH, -groups, 
yield two different isonitroso-ketones ; but if the «-CO — group is joined to a 
tertiary alkyl, only one isonitroso-ketonc is formed (C. 1898, II. 965). 

(16) When amyl nitrite in the presence of sodium ethoxide or hydrochloric 
acid acts on ketones. Sometimes one and sometimes the other reagent gives 
the best yield (B. 20, 2194 ; 28, 1915) : 

CH,COCH,-f-NO.O.C5lI„=CH,COCn(N.OH)-fC,H„.OH. 

An excess of amyl nitrite decomposes the oximido-body, whereby the oximido- 
group IS replaced by oxygen, with the production of a-diketo-derivatives (B. 22, 
527 ; C. 1904, TI. 1701)- 

(2) Just as acetone is formed from acctoacetic ester, so can isonitroso- or 
oximido-acetonc be prepared from the oximido-derivative of acetoacctic ester 
(B. 16, 1326). Nitious acid decomposes acctoacetic acid into oximido-acetone 
and carbon dioxide : 

CHjCOCH.COjH -fNO.OH ^CH3.COCH(N.OH) -f-CO, +H,0. 

Similarly, by the action of nitrous acid, mtrosyl sulphate or chloride, the oximido- 
compounds of the higher acetones can be diiectly derived from the monoalkylia 
acctoacetic acids and their esters by elimination of carbon dioxide (B. 20, 531 ; 
C. 1904, II. 1700) : 

CH,COCH<^q^j^+NO OH-rH,COC<Jj Qjj+CO,+H,0. 

whilst the dialkylic acctoacetic acids do not react (B. 15, 3067). 

Properties — '1 he isonitroso- 01 oximido-ketones are colourless, crystalline 
bodies, easily soluble in alcohol, ether and chloioform, but usually more sparingly 
soluble in watei. They dissolve in the alkalis, the hydrogen of the hydroxyl 
group being replaced by metal, with the formation of salts having an intensely 
yellow colour They yield a yellow coloration with phenol and sulphuric acid, 
and not the blue coloration of the nitroso-reaction (B. 15, 1529). 

Reactions — (i ) As in the kctone-oximcs, so also in the isonitroso-ketones. the 
oximido-group can be split off and be replaced by oxygen, which will lead to the 
formation of diketo-bodies, — CO.CO — . This result may be brought about by 
the addition of sodium bisulphite and boiling the resulting iinidosulphonic acid with 
dilute acids (B. 20, 3162). The reaction also takes place when isonitrosoketones 
are boiled directly with dilute sulphuric acid (B. 20, 3213). The decomposition is 
sometimes more readily effected by nitrous acid (B. 22, 532 ; C. 1904, II. 1701). 

(2) The aldoximido-ketones. like the aldoximes (p. 212), are converted by dehy- 
drating agents — e.g. acetic anhydride — into acidyl cyanides or a-ketone carboxylic 
nitriles {q.v.) (B. 20, 2196). 

(3) Aminoketones (p. 344) are produced in the reduction of isonitroso-ketones 
by means of stannous chloride. 

(4) Two molecules of phcnylhydrazine, acting on the isonitroso-ketones, 
produce osazones, e.g. CH3.C(NaH.CgH5)CH(N,H.C,H5) — acetonosazone (B. 22, 
528). Semicarbazide gives rise to semtearbasone oximes, most of which are slightly 
soluble and possessed of high melting points (C. 1904, II. 304, 1700). 

(5) By the further action of hydroxylamine or its hySrochloride (B. 16, 182 ; 
C. 1904, II. 1700) on isonitroso-acetone, the ketone oxygen is replaced and 
dioximes of the a-aldehydc ketones and a-diketones are produced. 

(6) Halogen alkyls acting on the salts of isonitroso-ketones produce eihevs 
(comp. B. 16, 3073 ; 88, 1917) : 

CHtCO.C(NOK)CH,4-CH,I=CHaCO.C(NCX:Ha).CHs4-KI. 

VOL. I. * a A 
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which jare the alkoximes of the a-di ketones. They are more stable than the free 
isonitroso-ketones, and are therefore more suitable for use in many synthetic 
reactions. 

Isouitroso-acetone, Aldoxime^qf Pyroracemic Aldehyde, CH3.CO.- 
CH : (N.OH), m.p. 65°, is very readily soluble in water ; crystallizes in 
silvery, glistening tablets or prisms ; melts and decomposes at higher 
temperatures, but may be volatilized in a current of steam. 

Monoxlmes of the a-Diketones. — Isonitroso-ethyl Methyl Ketone, CH,CO.C = 
NOH.CHs, m.p. 7.1'', b.p. 185-188®. Preparation (B. 35, 3290). Action of 
HCl on isonitroso-el hyl methyl ketone (B. 38, 3357). I somtroso-meihyl Propyl 
Ketone, CHgCO.C— NOH.CHjCHa, m.p. 52-53®, b.p. 183-187°. Isonitroso- 
diethyl Ketone, CgHg.COC—NOH.CHa, m.p. 59-62°. Isomtroso-methyl Butyl 
Ketone, CH3.COC — XOH.CaH,, m.p. 49'5®* Isomtroso-methyl Isohutyl Ketone, 
CTIa.COC— N0II.C11(CH3)2, m.p. 75®. Isomtroso-methyl Isoamyl Ketone, CII,.- 
COC -NOH.CH2.C'H(CHj) 2, m.p. 42® C. Isonitroso-methyl Isocapryl Ketone, 
CHa.COC-NOII.CIl2CH2CH(ClT3)2. m.p. 38®. 

For other i.soniiroso- ketones see C. 1890, I. 190 ; II. 524 ; 1904, II. 1700. 

B. Oxime-anhydrides of the jS-Diketones or Isox^zoles. 

Monoxiincs ol the j3 -formyl ketones and of the /3-dikctoncs are not known. 
In the attempt to prepare them water is lost and an intramolecular anhydride 
foriUcition takes place. The oxime-anhydrides arc isomeric with the oxazoles, 
which also consist of five members ; hence their name, isoxazoles (B. 21, 2178 ; 
24,^90; 25,1787). 

Cil=C[K 

Isoxazole, Oxime-anhydride of Malonio Dialdehyde, | b.p. 95®, is 

CTT=>;-'^ 

prepared from proparj^yl aldehyde or /5-anilino-acrolein anil (p. 347) by hydio.wl- 
ainine. Alcoholic alkalis convert it into cyanacetaldehyde (p. 401 ) (B. 36, 3665) : 

CH=:CHv 

a-Methyl Isoxazole, CHa-a-CslljNO. b.p. 122®, and y~Methyl Isoxazole, 
CsHjNO, b.p. 118°, result fiom hydroxymothylenc or foimyl acetone. They are 
transparent liquids, havinj' an intense odour resembliuf; that of pyridine. 
a-Mcthyl isoxazole readily becomes rearranged into cyanacefone (q.v.) : 

CH=CHOU ^ (TI — CH CH — CO.( II3 < H — C.CTI, 

cii,.co Js'llj -*HjO cH,c/ ’n cHon Nil, cn1 ’’ilr 

ay-Diinethyl Isoxazole (CH,),-ay-r,HNO, b.p. X41*, has a very peculiar 
odour, and is obtained from acetyl acetone and hydroxylamine hydrochloride. 

C. Dioximes. 

(a) Glyoximes or a-Dloximos.— When glyoxal, ot which the monoxime 
is not Known, pyroracemic aldehyde and the a-cliketones are treated with 
hydroxylamine hydrochloride, the a-dioximes or glyoximes are formed. They can 
also be obtained from a-isonitroso- ketones or a-dichlorok tones. The glyoximes 
form characteristic complex compounds with Ni, Co, Pt, Fe, Cu, which are stable 
and strongly coloured ; the metal is united to two glyoxime molecules (B. 39, 
2692, 3382). 

Glyoxime, Cn(=NOH).CH(=NOH), m.p. 178® (B. 17, 2001; 25, 705; 28, 
R. 620), is prepared from trichlorolactic acid (p. 368). Methyl Glyoxime, 
Acetoximic Acid, CT>8('(NOH).CH(NOH), m.p. 153®. / Dimethyl Glyoxime, 
Diacetyldioxime, CH8C(NOII).C(NOH)CHa, m.p. 234®' (B. 28, R. 1006; J.pr. 
Ch. [2] 77, 414) is employed as a sensitive test for the presence of Ni.fTr). 
Methyl Ethyl Glyoxime, CH,C(NOH).C{NOH).C,H5, m.p. 172® ((B. 84, 3978). 
Methyl Propyl Glyoxime, m.p. 168®. tert.-Butyl Glyoxime, (CHjlgC.CCNOH)- 
CH(NOH), m.p. 102®, is prepared from dichloropinacoline (p. 348). Methyl 
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Isohutyl Gly oxime, m.p. 1 70-1 72®. Higher homologues of glyoxime, see C. 1899, 
II. 524 ; 1904. II. 1700. 

(6) Glyoxime Peroxides (B. 28, 3496) result when NOa acts on an ethereal 

CHa.C=N-0 * 

solution of the glyoximes : Dimethyl Glyoxime Peroxide, | I , b.p. 222®. 

CH3.C=N-0 

Methyl Ethyl Glyoxime Peroxide, b.p.,, 115°. 

(c) Furazanes, Azoxazoles, Furo-[^^-diazoles are the anhydrides obtained 

CH:Nv 

from certain a-dioximes. Furazane, | yO, itself is not known, whilst 

CH:N'^ 

dimethyl furazane, for example, has been prepared frqpi diacetyl dioxime . 

(d) Dioximes, Acetyl Acetone Dtoxtme, CHaC(NOH)CHaC(NOH)CHa, 
m.p. 150®, is produced from acetyl acetone by an excess of hydroxylamine. It 
easily gives this up and is converted into dimethyl i.soxazolc (see above). Reduc- 
tion by sodium and alcohol gives i,4-diaminopentane (p. 333). Electrolytic 
reduction in sulphuric acid solution loads to the formation of Dimethyl Pyrazo- 

Udine, CH5CH(NII)CHaCH(NIl)CH3, a compound in which the nitrogen atoms 
have become united (B. 36, 219). 

(/») y-Dioximes, which may be systematically derived from the y-dialdehydes ; 

? /-aldehyde-ketones and y-dikotones may be prepared (i) by the action of hydroxy- 
amine on pyrrole (B. 22, 1008) and alkyl pyrroles (B. 23, 1788) ; (2) from y-dike- 
loncs and hydioxylaminc. They are decomposed by boiling alkalis into the 
corresponding acids, or y-dikotones ; the latter are far better obtained by means 
of nitrous aud. 

Succtnaldehyde Dioxime, IION ; : NOH, m.p. 173®, passes upon 

reduction into tc tranielhylono diamine (p. 333). and into succinic dialdehyde by 
the action of N2O3 (B. 35, 1184). hlhyl Succtnaldtoxime, HON : CHCH(C,H3)- 
CHaCH:N(OH), m.p. 135°.; fyofywuyl Proptonaldioxtme, CH,CHaC : N(OH)- 
CHaCHaCIl:N(OH), m.p. 85®- Methyl Lrrvithnaldioxtme, GHjC : N(OH)CHj- 
CH(CH)3CH : N(OIl). Acetonxl Acetone Dwxime, CII3C : N(OH)CH,CH,C 
N(OH)CHj, m.p. 135®. woi-Diacetyl Pentane Dioxime, CHjC : N(OH)[CHj]5C 
N(OII)CH„ m.p. 172®. 


3. Hydrazine and Phenylhydrazine Derivatives. 


N 


Dimethyl Az'k ethane. 


NH 


CII3C -N 


, m.p. above 270®, and Dimethyl bishydrazi^ 


methylene, | Nc((’H3) C(CH3)<:^ | , m.p. 158®, arc obtained from diacctyl and 

NII'^ • ^NH 

hydrazine (J. pr. Ch. [2] 44, 171) Dimethyl azicthane is also prepared from 
Diacetyl Acetylhydrazone, CIl3C(N : N.COCH3) : C(OH)CH3, m.p. 167° by heating 
it with alkalis. mono-sttnicarhazones oi the a-diketoncs dissolve in alkalis, 

like the monoximes (p. 354), to a yellow solution. Diacetyl Semicarhazone, 
Cll3COC(NNHCONH,)CH3, or CH, : C(OH).C(NNHCONH3)CH,. m.p. 235®. 
Acetyl Propionyl Semicarhazone, m.p. 209® (B. 36, 3183®). 

Glyoxal Disemicarbazone (NlIaCONHN : CH — ),, is a slightly soluble crystalline 
powder of high melting point (B. 40, 71) 

Glyoxal Bisguanidine, ^C.NHN:CH.CH:NHNC\ +H2O, m.p. 265. 
NHa^ ^NH, 

with df*composition, is formed from dichloraldehyde (p. 203) and amidoguani- 
dinc (A. 202, 284). Diacetyl Semicarhazone, m.p. 279®. 

Monophenyihydrazones. — Hydt ozone of Pyroracemic Aldehyde, CHjCO.CH:- 
N.NH.CgH,, m.p. 148°, is obtained by hydrolyzing the reaction -product resulting 
from diazobenzene chloride and sodium acetoacctic ester ivith alcoholic sodium 
hydroxide (C. 1901, I. 299). Diacetylhydrazone, CHgCO.C:(NNHC3H5)CH3, m.p. 
133®. has been prepared from diacetyl- and methyl-acetoacetic ester {Jf^pp and 
Klingemann) (A. 247, 190). ^ , 

Or Acetyl Propionyl Hydrazone, CH3C(:NNHC3H,).COCH8, m.p. 97 , is obtained 
from acetyl propionyl. fi-Acetyl Propionyl Hydrazone, CH3CO.C:(NNHC3H3)CH3, 
m.p. 1 1 7®. is prepared from ethyl acctoacetic acid and diazobonzene chloride. 


.NH 
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Dlphenylhydrazoiifs or Osazones. — Glyoxal (p. 346), methyl glyoxai (p. 3^8). 
the a-diketones and the a-isonitroso-acetones, when treated with phenylhydra2me« 
lose two molecules of water or water and hydroxylamine, respectively, and 
form ^diphenylhydrazones or osazones, which can also be obtained from 
a-hydroxyaldchydes, a-hydroxy ketones, a-aminoaklchydes and a-aminoketones. 
The osazones have become especially important for the chemistry of the aldo- 
penloses, and the aldo- and ketohexoses. The osazones are oxidized by potassium 
chromate and acetic acid to osotetrazones, which are converted by hydrochloric 
acid and ferric chloride into osotrtazones : 

CHaC=*N— NHC.H b o CH8C=N— NC.IF. FegCl. CH3C=N\ 

I ^ I I ^ I >N.C.H8. 

CH,C-N -NHCjH, » rH,C=N— NC.fi, CH.C-n/ 

Diacetyl Osazone. Diacetyl Osotetrazone. Diacetyl Osotriasone. 

Glyoxal Osazone, CjIIjNH.NiCIICHrN.NHCgHg, m p. 177°, is also prepared 
from formaldelivde and phenylhydrazme, with the intermediate formation of 

CH:N.NC«H. 

glycolyl aldehyde (p. 337) (B. 30 , 2459). Glyoxal Osotetrazone, ( ( , 

CH:N.NC,H8 

m.p. 145° (B. 17,2001 : 21,2752 ; 26,1045). Methyl Glyoxal Osazone, C^HgNH.- 
N:C(CH3)CH:N NHCjIIg, m.p. 1^5° (B. 26 , 2203). Methyl Glyoxal Osotetrazone, 
CH.N.NC.Hs CH:N. 

I I , m p. 107®. Methyl Glyoxal Osotriazone, I ^NC-H^, 

CHgC ^N.N.C.T [5 CH ,0 =N/ 

b.p 18 150° (B. 21 , 2755). Diacetyl Osazone (formula above), m.p. 236® with de- 
composition (B. 20 , 31^4 ; A. 240 , 203). Diacetyl Osotetrazone (formula above), 
m p. 169® with decomposition. Diacetyl Osoinazone (formula above), m.p. 35®, 
b.p. 255® (B. 21 , 2759). Acetyl Propionyl Osazone, m.p. 162® (B. 21 , 1414 ; 
A. 247 , 221). 

The 1,3-dikctones and the t, 3-hydroxy methylene ketones (p. 343) unite 
with hydrazine and phenvlhydrazine, forming pyrazoles (Vol. II.), which maybe 
regarded as derivatives of the 1,3-olefine kctols (A. 279 , 237): eg. hydroxy- 

^CH NH 

methylene acetone and hydrazine 3rield 3-Methyl Pyrazole, CH^ | 

X:(CH8):N 

(B. 27 , 954 ). 

Acetonyl acetone, a 1,4-diketone, and phenylhydrazine yield: AcetonylAceto- 

CH:C(CH 3 ). 

nosazone, m.ip. 120"^, Phenylamido-Dimeihyl-Pyrrole, | ^N.NHCgH., 

CH:C(CH,)/ 

m p 90®, b.p. 270® (B. 18 , 60 ; 22 , 170). 

a-Hydrazoximes. — Methyl Glyoxal Phenylhydrazoxifhe, CHa.C:N(NHt%H5).- 
CH : NOH, m.p. 134®, is picpared by the action of phenylhydrazine on iso- 
nitroso-acetoacetic acid. It parts readily with water and becomes methyl n- 
CH8 C==Nv 

phenyl osotriazole, ; (Vol. II.) (A. 262 , 278). 


7. ALCOHOL- or HYDROXY- ACIDS, C,H,„<q®*** 

Acids of this series show a twofold character in their entire 
behaviour. Since they contain a carboxyl group, they are monobasic 
acids with all the attaching properties and reactions of the latter ; 
the OH-group linked to the radical bestows upon them all the pro- 
perties of the monohydric alcohols. As already indicated in the intro- 
duction to the diliydnc compounds, these alcohols must be distinguished 
as primary, secondary, and tertiary, according as they contain, in 
addition to the carboxyl group, the group —CH 2 OH, characteristic 
of primary alcohols, the radical =CHOH, peculiar to the secondary 
alcohols, or the tertiary alcohol group =C.0H. This difference mani- 
fests its^ in the behaviour of these bodies when subjc|cted to oxidation. 
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However, the manner in which the alcoholic hydroxyl group in an 
alcohol-acid acts on the carboxyl group present in the same mole- 
cule depends greatly on the position of these two groups with refer- 
ence to each other. It is just this differentiating, opposing position 
of the two reactive groups which induces class differences of a distinctly 
new type, which are therefore made prominent because the oxidations 
undergone by primary, secondary and tertiary alcohols are already 
known to us. At present they are mostly termed hydroxy-fatty acids, 
because of their origin from the fatty acids by the replacement of a 

hydrogen atom by OH. 

# 

The ** Geneva names are formed by the insertion of the syllable ** ol," 
characteristic of alcohols, between the name of the hydrocarbon and the word 
"acid " ; CH2OH.COOH, hydroxyacetic acid, or [ethanol acid], 

Glycollic and ordinary or lactic acid of fermentation are the best- 
known and most important representatives. 

General Methods of Formation. — (i) Careful oxidation (a) of di- 
primary, primary-secondary and primaiy-tertiary glycols with dilute 
nitric acid, or platinum sponge and air ; 

(.11,011 CH,OH CHjCH.OH CHjCH.OH 

I +02=1 +H2O, I +O2- I +H,0. 

CHaOH COOH ClljOH COOH 

Glycol. Glycollir Aciil. a-Propylene Glyco a Lactic Acid. 

(6) By the oxidation of hydioxyaldehydes. 

(2) The action of nascent hydrogen (sodium amalgam, zinc and 
hydrochloric or sulphuric acid, sodium and alcohol, or electrolysis) 
on the aldehyde acids, the ketonic acids, and dicarboxylic acids. 

Pyroracemic Acid, CHs C0.C02H+2Hs=CHa.CH(0H).C02H. 

Oxalic Acid, coon C00H+4H=C00H.CHa0H+H20. 

This reaction has been repeatedly used in preparing j8-, y- and 
3-hydroxy-acids from )3-, y- and 8-ketone carboxylic esters. 

(3) Some fatty &cids have OH directly inlioduced into them. 
This is accomplished by oxidizing them with KMn04 in alkaline 
solution. 

Only acids containing the tertiary group CH (a so-called tertiary H-atom) are 
adapted to this kind of reaction ( 12 . Meyer, B. 11, 1283, 1787 ; 12, 2238 ; 
A. 208, 60 : 220, 56). Nitric acid ejects the same as KMn04 (B. 14, £782 ; 
16, 2318). 

(4) By heating unsaturated fatty acids with aqueous potassium 
or sodium hydroxide to 100® (A. 288 , 50). 

(5) By the reaction of the monohalogen fatty acids with silver 

oxide, boiling alkalis, or even water. The conditions of the reaction 
are perfectly similar to those observed in the conversion of the 
alkylogens into alco^hols. • 

CH,ClCO,H +H,0*CH,(0H)C00H +HC1. 

I The a-derivatives yield a-hydroxy-acids ; the )3-derivatives are occasionally 
changed to unsaturated acids by the splitting-ofE of a halogen acid, whilst thie 
y-compounds form y-hydroxy-acids, which subsequently pass into lactones. 
y-Halogen acids arg converted directly into lactones by the alkali carbonates. 
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(6) By the action of nitrous acid on amidu-acids: 

CH,(NH,).C0,H+HN0j=CH,(0H).C0,H+N,+H,0. 

Aminoacetic Acid. Hydrosyacetic Acid. 

(7) The hydroxy-acids can be obtained from the diazo-f.ilty acids, 
on boiling them with water or dilute acids. 

(8) From the a-ketone-alcohols — e,g. butyroin and isovaleroin 
(p. 342)— on treating them with alkalis and air. 

Nucleus-synthHic Methods of Formation, — (9) By allowing hydro- 
cyanic acid and hydrochloric acid to act on the aldehydes and 
ketones. At first hydroxycyanldes, the nitriles of hydroxy-^cids 
(^.v.), are produ 'ed after which hydrochloric acid changes the cyanogen 
group into carboxyl • 

I. I'l.ase: CH,.CHO+HNC=CH,.CH<q^ 

a. Pliabc : CH,.CH<Qy+2H,0==CII,.CH<[j!,j=^^+NH,. 

a-Hvdiuxypiopiouic Acid. 

In preparing the hydioxycyanides, the aldehydes or ketones are treated with 
pure hydrocyanic acid, or powdered potassium cyanide may be add' d to the 
ethereal solution of the ketone, followed by the gradual addition of concentrated 
hydrochloric acid (B. 14 , 19^5 ; 15 , 231S). The concentrated hydrochloric acid 
changes the cyanides to acids, the amides of the acids being at first formed in the 
cold, but on boiling with more dilute acid th(*y undergo further change to acids. 
Sometimes the change occurs more readily by heating with a little dilute sulphuric 
acid. Ethylene oxide behaves like acetaldehyde with hydrocyanic acid. 


(to) The glycol chlorhydrins (p. 319) undergo a similar alteration 
through the action of potassium cyanide and acids : 

1. Phase: Cn2(OH).CH./'l + KNC =CH*(OIl)CH*.CN + KM. 

2. Phase : CH*(OH).CJ 1 . .N +2lfaO=CH55(OII).CHj,.COaU f :nH,. 

^-Hyd^oxypropioIlic Acid. 

(ill A method of ready applicability in the synthesis of a-hydroxy- 
acids consists in acting tm diethyl oxalic ester with zinc and alley! 
iodides (Frankland and Duppa), This reaction. is like that in the 
formation of tertiary alcohols from the acid chlorides by means of 
zinc ethyl, or of the secoiidaiy alcohols from formic esters (p. 106) 
— I and 2 alkyl groups are introduced into one carboxyl group (A. 
185 , 184) ; 


yOX .,H 6 Zn(CH,)a /O.C 2 H 5 

> c^cr 


TV 

CO,C,H, 
Oxalic E>,ter 


. cn 3 
I Nj.ZnC II, 
COaCjH, 


Zn(cn,), yCH, HaO /CH, 

— — >■ C;;;^ C 1 J 3 

, M).Za( H, ^OH 

COaCjlls COaCaH 


CO2C2H 5 
Dimethyl Oxalic 
Ester. 


If we employ two alkyl iodides, two different alkyls may be intro- 
duced. ^ 

The acids obtamedl* as indicated, are named in accordance with their deriva- 
tion from oxalic acid, but it would be more correct to view them as derivatives of 
hydroxyacetic acid or glycollic acid, CH2(OH).CO,H, and designate, e.g. dimethyl 
oxalic acid, as dimethyl hydroxyacetic acid. 

(12a) ) 3 -Hydroxy-acids are formed when aldehydes or ketones are condensed 
with a-halogen fatty acid esters by means of zinc or magnesium ; e,g. propionic 
aldehyde and a-bromopropionic ester yield a-metbyl -ethyl hydracrylic acid. 
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C,H5CH(0H)CH(CH8)C00H ; trioxymethylene, a-bromisobutyric ester and 
zinc yield oa-dimethyl hydracrylic acid (comp. p. 287) (C. igoi, I. 1196; 
II. 30 ; 1902, 1 . 856). 

(126) Ketone acid esters and magnesium alkyl iodides produce, in part, 
tertiary hydroxy-acid esters; also, ethyl chloroglyoxylate with magnesium 
alkyl halides yields the oxalic ether of the a-hydroxy-acid ester (C. 1902, II. 1359 ; 
1900, II. mo) : 

CHsCOCOaC2H5+CH3MgI=(CH3)jC(OMgI)COaC,n5 

2C,Il60C0.C0CH-2CH,MgI=C*H80C0.C(CH8)80.C0.C0jC8ll3+2MgClI. 

(13) When sodium or sodium ethoxide acts on the acetic esters and pro- 
pionic esters it converts them into j3-ketone-carboxyMc esters, but in the case of 
butyric and isobutyric esters it produces the ether esters of j 3 -hydroxy-acids, such 
as ethoxycapvylic ester, (CH8)2CH.CH(OC8ll5).C(CHj)jCOaC2H8, from isobutyric 
ester (A. 249 , 54). 

Cleavage-Reactions, — (14) The fatty acids are formed from alkyl malonic 
acids, CRR'(C02 R)j, by the withdrawal of a carboxyl group (p. 253), and the 
hyaio\> -fatty acids are obtained in a similar manner from alkyl hydroxymalonic 
acids or tartronic acids : 

Ci 4 -CRH(OH ).COiH +CO,. 

AlKyl Tartronic And. Alkyl Hydroxyacclic Acid. 


Isomerism . — The possible cases of isomerism with the hydroxy- 
acids arc most simply deduced by considering the hydroxy-acids as 
tln‘ mono-hydroxyl substitution products of the fatty acids. Then 
the isomers are the same as the mono-halogen fatty acids, which 
maj^ he re'* ' Jed as the haloid esters of the alcoholic acids corresponding 
with them. 


Hydroxy acttic or glycollic acid is the only acid which can be obtained from 
acetic acid : 


CH 3 .COOH CH *01 T .COO 1 1 

Acetic Acid. Glycollic Acid (p. 362). 


Propionic acid yields two hydroxypropionic acids : 

Cll.Clla ( OOH Cil 3 rn(OlI).COOH CH2(0H)CH2.C00H 

PiopioDK And. a-Hydroxypropionic Acid ^-Hydroxypropionic Acid 

' * ord. Lactic Acid (p. 362). Hydracrylic Acid (p. 369). 

These are distinguished as a- and jS-hydroxypropionic acids respectively. 
The a-acid contains an asymmetric carbon atom, and therefore, theoretically, 
sliould yield an inactive variety, which can be resolved, and two optically active 
modifications : these, in fact, exist. 

Normal butyric acid yields three and isobutyric acid two mono-carboxylic 
acids ; 


CH3.CHa.CH3COgH 
n-Butyric Acid. 


(CIl3.CH2.CH(0H).C02H 

|cH3 .CII(OH).CII,.CO,H 

|CH2(0H).CH*.CH2.C00H 


^y»>CH.CO,H 

Isobutyric Acid. 


^||*>C(OH).CO,H . 

hoch:>ch-cO‘« • • 


a-Hydroxybiityiic Acid (p. 365) 
j8-Hydroxybutyric Acid (p. 370) 
y- Hydroxy butyric Acid (p. 374) 

a-Hydroxyisobutyric Acid 
^ (P- 365) 

jB-Hydroxyisobut3n:ic Acid (un- 
known). 


These alcohol-acids are divided into — 

Primary acids : Glycollic acid, hydracrylic acid, y-hydroxybutyric acid, jS-hydroxy- 
isobutyric acid. 

Secondary acids : a-hydroxypropionic acid, o-hydroxybutyric acid, ) 3 -hydroxy- 
butyric acid. 

Tertiary acids : a-Hydroxyisobutyric acid. 
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Pr{>perties, — ^The hydroxy-fatty acids containing one OH group are, 
in consequence, more readily soluble in water, and less soluble in ether 
than the parent acids (p. 251). They are less volatile and, as a general 
rule, cannot be distilled without Recomposition. 

Reactions. — (i) The alcohol-acids behave like the monocarboxylic 
acids, in that they 5neld, through a change in the carboxyl group, 
normal salts, esters, amides, and nitriles : 

COOK COOCaH, CONII* CN 

II II 

CH*OH CHjOH CH,OH CHjOH. 

(2) The remaining OH-group behaves like that of the alcohols, 
of which the hydrogen may be replaced by alkali metals and alkyls ; 
by acid radicals such as NO2, by the action of a mixture of con- 
centrated nitric and sulphuric acicb ; or by a carboxylic acid residue, 
by the action of acid chlorides and anhydrides, such as the acetyl 
residue by means of acetyl chloride and anyhflride, 

CHj.CHONO, CHj.CHOCOCHg 

COOH COOH. 

Nitrolactic Acid. Acetyl Lactic Add. 


Both of these reactions are characteristic of the hydroxyl groups of 
the alcohols (p. 323). 

(3) PCI5 replaces the two hydroxyl groups by chlorine : 

COOH PCI5 COCl 

I 4- =1 +7P0C1,+2HU. 

CH,OH PUj CHaCl 

GlycolUc Chloracclyl 

Acid. Chlunde 


The acid chlorides corresponding with the hydroxy-acids are not 
known. Instead of these we get the chlorides of the corresponding 
monochloro-fatty acids, in which the chlorine in umon with CO is very 
reactive with water and alcohols, yielding free acids and their esters ; 
in the case cited, monochloracetic acid, CH2CI.CO2H, and its esters 
result. The remaining chlorine atom is, on the contrary, more firmly 
united, as in chlorethane. 

In addition to ethyl glycollic ester there are ethyl glycollic acid and 
ethyl etho-glycoUic ester : 

COOC2H5 
CH.OIl 

Ethyl Glycollic 
Ester 


COOH 

Ethyl Gtycolhc 
Acid, 


COOCaH, 

CHaOCaH*. 
Ethyl Etbo-glycolUo 
Ester. 


Alkalis cause the alkyl combined with CO, to separate, forming 
eth /I glycollic acid. 

(4) The hydroxy-adds are reduced to their corresponding fatty 
adds (p. 452) when they are heated with hydriodic acid. 

(5) Whilst in the preceding transpositions all the hydroxy-acids 
react similarly, the primary, secondary and tertiary alcohol-adds 
show marked differences when they are oxidized. 
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(a) The primary hydroxy-acids yield, by oxidation, aldehyde 
aa(^: 


CO,H CO,H COOH 

in, OH ^COOH 

GlycolJic Aad Glyoxylic Acid Oxalic Acid 

[b) The secondary hydroxy-acids yield ketone acids : the a-ketomc 
aads change to aldehyde and COj, the j 9 -ketonic acids to ketones 
and CO2 : 

CO,H co^ » CO, 

1 I 

CHjCHOH CH,CO CH,CHO. 


(c) Tertiary a-hydroxy-acids yield ketones : 

^{|»>C( 0 H)C 0 ,H- 1 - 0 =^»>C 0 -|-C 0 ,+H, 0 . 

(6) The a-hydroxy-acidb* undergo a similar decomposition when heated with 
dilute sulphuric or hydrochloric acid or by action of concentrated H1SO4 Their 
carboxyl group is removed as formic acid (when concentrated H4SO4 is employed, 
CO and H |0 are the products) : 

(CHj)/ (OII)CO^H- (CH,)4CO+HCOaH 
CHgCH(0H)C03H -CHj CHO+HCO^H 

Another alteration is undergone by the a>hydroxy-acids at the same time, 
which however, does not extend far • watci is eliminated, and unsaturated acids 
are produced, Ihis change is easily effected when PCI, is allowed to act on the 
estcis of a-hydroxy-acids (p 291) 

(7) Especially inteiesting is the behaviour of the a-, j8-, y-, or 8-hydroxy- 
acids in respect to the elimination of water from carboxyl and alcoholic hydroxyl 
groups 

{a) Ihe a~hv(lroxy-a(,tds lose water when they arc lieated and become cychc 
double esters— thi. laettdes — in the foimation of which two molecules of the 
a-hydroxy-acid Jiave taken part 

COOH HOCIICII, COOCHCH, 

I + I =11 +211,0. 

CIIjUIOJM UOCO CH,CHO-CO 

a Hydroxy propionic Acid or Lactic Acid Lactide. 


{b) When the hydroxy-acids are heated alone, water is withdi v\n and un- 
saturated acids are the products (p 291 , C 1897, I 363) ; 

CH,{OH) CHaCO,lI ^ CH, * CHC0,H+H,0. 

^ Hydroxypropionic Acid Acrylic Acid 

liydracryhc Acid 

(c) The y- and B-hydroxy-acids lose water at the ordinary tempera- 
ture, and change more or less completely into simple cychc esten * — the 
y- and 8-lactones. 

The a , ) 3 -, y- and 8-amido-carboxylic acids corresponding with the a-, / 3 -, y- 
and 8-hydroxy-acids, show differences similar to those manifested by the latter. 


STRUCTURE OF NORMAL CARBON CHAINS AND THE FORMATION OF 

LACTONES 

The peculiar differences in the behaviour of the o-, jS-, y- and 8-hydroxy-acida 
when they split off water have contributed to the development of a r^iesentation 
of the spacial arrangement or configuration of carbon chains (B. 16 , 630). The 
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assumption that the atoms ol a molecule not linked to each other in a formula can 
exert an affinity upon one another has led to the idea that, in a union of more 
than two C atoms, these atoms arrange themselves not in a straight line, but 
upon a curve. We can then comprehend that cyclic, simple ester formation can 
not take place between the first and second carbon atoms, rarely between the 
second and third, but readily between the first and fourth or first and fifth carbon 
atoms, which have approached so near to each other that an oxygen atom 
is capable of bringing about a closed ring (see Alkylcnc Oxide, p. 317, and 
Alkylene Imines, p. 334, as well as the strain theory of v. Baeyer in the introduction 
to the carbocyclic derivatives, Vol. II.). 


A. SATURATED IIYDROXYMONO-CARBOXYLIC ACIDS, HYDROXY- 
PARAFFIN MONOCARBOXYLIC ACIDS 

a-Hydroxy-acids. 

(i) Glycollic Acid, Hydroxyacetic Acid [Ethanol AcidJ, CHg.OH.- 
COOH, m.p. 8c°, occurs in unripe grapes and in the green leaves of 
\^irginia creeper, Ampelopsis hederacea. 

History. — Glycollic acid was first obtained in 1848 by Strecker from amino- 
acetic a^id or glycocoll — Whence the name — according to the sixth method of 
fonnalion (p. 35^^)- In 1856 Debus discovered it togethf^r with glvoxal and 
glyoxylic acid among the oxidation products obtained from ethyl alcohol by the 
action of nitric acid. Wuvtz in 1857 observed its formation in the oxidation of 
ethylene glycol^ and KekuU in 1858 showed how it could be made by boiling a 
solution of potassium chlor acetate (A. 105, 286 ; comp. B. 16, 2414 ; A. 200, 
75 ; B. 26. R. 606). 

It is also produced by the action of potassium hydroxide on glyoxal 
(p. 346) ; by the reduction of oxcUic acid method of formation (No. 2, 
p. 357), and from diazoacetic ester (method of formation No. 7). Its 
nitrile results when hydrocyanic acid acts on formaldehyde (method No. 
9), and is converted by hydrochloric acid into glycollic acid. It is also 
formed with hexamethylene tetramine when formaldidiyde is warmed 
with KNC (C. 1900, I. 402). It also appears in the oxidation ol 
glycerol and dextrose by silver oxide. 

Glycollic acid crystallizes from acetone. It is very soluble in water 
and alcohol. Diglycollidc and polyglycollide (p. 3(17) are produced 
when it is heated. Nitric acid oxidizes it to oxalic acid. When heated 
with concentrated sulphuric acid, glycollic acid decomposes into 
trioxy methylene (metaformaldehyde, p. 199), carbon monoxide and 
water). 

Calcium Salt, (CH20HC02)2Ca +3H2O; ethyl ester, CH2OH.CO2C2H5, 
b.p. 160^. 

Trichlorethyl alcohol (p. 117) can be regarded as being the 
chloride of orthoglycollic acid. 

(2) Lactic Acid of Fermentation, a-Hydroxypropionic Acid, Ethyli- 
dene Lactic Acid, [d +1] Lactic Acid [2-Propanol Acid], CH3CH(0H)C02H, 
m.p. 18®, b.p.i2 I20°* (B. 28 , 2597), isomeric with p-hydroxypropionic 
acid, hydracrylic acid, [3-propanol acid], CH2OH.CH2CO2H, which 
will be discussed later as the first j5-hydroxy-acid. 

Lactic Acid is formed by a special fermentation, the lactic acid 
■ fermentation of lactose, sucrose, gum and starch. It is, therefore, 
contained in many substances which have soured — e.g, in sour milk, 
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in sauerkraut, pickled cucumbers, common (or lesser) centaury 
(Erythroca centaurium), also in the gastric juice. 

Methods of Formation, — The acid is artificially prepared by the 
methods already described : (i) from a-propylene glycol ; (2) from 
pyroracemic acid ; (5) from a-cliloro- or bromo-propionic acid ; 
(6) from alanine ; (9) from acetaldehyde arid hydrocyanic acid ; 

(13) by heating isomalic acid, CH3C(OH)(COOH)2 (B- 26 , R. 7). 

Other methods of foimation are: the action of heat on dextrose or sucrose 
with water and 2-3 parts of barium hydroxide at i6o® ; prolonged contact of 
hexoses with dilute sodium hydroxide solution (B. 41, 1009) ; the interaction of 
pentoses, such as arabinose and xylose with warm potassium hydroxide solirtion 
^ (B. 85, 669) ; heating a-dichloracetone, CH 3 .CO.CHCI 2 , with water at 200®, and 
oxidation of acetol (p. 341), all depend on the transformation of pyroracemic 
aldehyde. 

Lactic Acid Fermentation. — This fermentation is induced in sugar solutions 
by a particular ferment, the lactic acid bacillus. Bacillus acidi lacti, which is 
present in decayin'* cheese. ^ It jiroceeds most rapidly at temperatures ranging 
from 35® to 45® (C. 1^97, IT. 33S) It is noteworthy that the bacillus is very sensitive 
to free acid. The fermentation is ariosted when sufficient lactic acid is produced, 
but is again renewed when the acid is neutralized. Therefore, zinc or calcium 
carbonate (C . l^^97, II. 20, 937) is added at the beginning, and the lactic acid 
thus obtained cither as thi* calcium or zinc salt. Should the fermentation con- 
tinue for some time, the lac tic im 11 pass into butyiic fermentation, the insoluble 
calcium lactate will disappear, and the solution will at last contain calcium 
butyrate (comp. n-Bulyiic Acid, p. 259). On the formation of lactic acid as 
an mtermedute product in tlu* fermentation of dextrose to alcohol and CO*, see 
B. 37, 421 ; A. 349, 125. 

History. — Scheele (1780) discovered lactic acid in sour milk. In 1847 Liebig 
demonstrated that the sarcolactic acid found by Berzelius (180S) in the fluids of 
the muscles was dillerent liom the lactic acid of fermentation. Wurtz (1858) 
described the formation of fermentation lactic acid liom a-propylcne glycol and 
air m the pn'st'nce of platinum black, and recognized that it was a dibasic acid. 
Kolbe (1850) obtained lactyl chloride by the action of PCI5 on calcium lactate. 
This body is identical with chloropropionyl chloride, and lactic acid is therefore 
monobasic and must be considered as hydroxypropionic acid. Later (i860) 
Wurtz c*illed it a diatomic, monobasic acid, meaning to indi te thereby that one 
of the t wo typical hydrogen atoms is more basic than the other. But it is much 
more snjmiicant when declares that it is .simultaneously an acid and an 

alcohol ” (li 20, U. 948). Streiker was the first to synthesize the acid from 
syntlK’tic amidolactic acid or alanine, which had also been prepared by him 
through the interaction of hydrazonic acid and aldehyde ammonia. 

Fermentation lactic acid is a syrup soluble in water, alcohol and 
ether, and is optically inactive (C. 1905, II. 1527). Placed in a desic- 
cator over sulphuric acid, it partially decomposes into water and its 
anhydride. Wlten distilled it yields lactide (p. 367), aldehyde, carbon 
monoxide and water. 

Heated to 130° with dilute sulphuric acid, it decomposes into alde- 
hyde and formic acid ; wlien oxidized with KMn04, it yields pyro- 
racemic acid ; whilst with chromic acid, acetic acid and carbon dioxide 
are formed. Heated with hydrobromic acid, it changes to a-bromo- 
propionic acid. 

Hydriodic acid at once reduces it to propionic acid, and PCI5 
changes it into chloropropionyl chloride (p. 360). 

Lactates. — The sodium salt, Cll3CH(0H)C03Na, is an amorphous mass. When 
heated with metallic sodium, disodium compound, CH,CH(ONa)CO,Na, results ; * 
calcium salt, (C8H3t)3)8Ca-h5HgO, is soluble in ten parts of cold water, and ii 
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very readily dissolved by hot water; Mhic salt, (C,H50a)3Zn+3Hi0. dissolves in 
58 parts of cold and 6 parts of hot water; iron salt, (CaHjOaljFe-f-sHjO. 


The chloride of ortholactic acid, CH3CH(OH)CCl3, m.p. 50°, b.p. 161°, 
has already (p. 118) been referred to as trichlonsopropyl alcohol. It 
is also obtained from chloral by means of methyl magnesium iodide, 
and constitutes the soporific Isopral. With sodium ethoxide it forms 
ethyl a-ethyl lactate (p. 366) (C. 1904, I. 636 ; 1905, 1. 344 ; B. 40, 
212). 


The Optically Active Lactic Acids. 

The optically inactive, fermentation lactic acid contains an asym- 
metric carbon atom indicated in the formula CH3.CH(0H)C02H by 
the small star. The acid can be resolved by strichnine, morphine, 
or quinine, into two optically active components, — dextro-lactic {d-) 
acid and laevo-lactic (/-) acid, — possessing similar but opposite rotary 
power. The strychnine salt of the Isevo-acid crystallizes out first, 
whilst the quinine salt of the dextro-acid is obtained first (B. 24, R. 
794 ; C. 1906, I. 1150 ; II. 499). 

It must be noticed again here, ihal those optically inactive compounds 
which can he split into two optically active isomers or can be formed from 
these, are referred to as racemic [ti+1] modifications (comp. p. 56). 

On mixing solutions of equal quantities of Isevo- and dextro-lactate 
of zinc, the zinc salt of fermentation lactic acid will be produced, and, 
being more insoluble, will crystallize out. The dextro-modification 
will remain, if Pcnicillium glaucum is permitted to grow in the solution 
of inactive ammonium lactate (B. 16, 2720), whilst the hevo-rotatory 
modification is produced in the breaking down of a sucrose solution 
by Bacillus acidi Icevolactici (B. 24, K. 150). 

The active lactic acids are connected with the active a-bromo- 
propionic acids (p. 288) in the following manner : ^^-bromopropionic 
acid with potassium hydroxide solution gives ^f-lactic acid ; silver 
carbonate, however, pi odiiccs the /-acid ; the /-bromopropionic acid 
behaves vice versd (comp. Walden’s Inversion, p.* 55 ; and B. 100, 

1193): 


AgsO I 


</-Bromopropionic acid ^ ^/-Lactic acid 

KOH 

/-Lactic acid /-Bromopropionic acid 


I Ag,0 


rf- Alanine (i-a-amino propionic acid, p. 389) yields, with nitrous 
acid, rf-lactic acid. This provides a link between ^/-lactic acid and 
tartaric acid, wherefrom the probable configuration for dr and /-lactic 
acid is obtained (comp, also p. 31 ; against this, however, B. 41 , 
894); 

COOH COOH 


HO— i— H 

5:h, 

i/-Lactic Acid. 


H-i. 


—OH 


CH, 

-Lactic Acid. 


On <i-alanme, /-serine, <^glyce^ic add, etc., see B. 60 , 3718. 
Saroolaotic Acid, Dextro-lactic Acid, Parcdactic Acid, was dis- 
covered in 1808 by Berzelius in the fluid oi the muscles^ and shown by 
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Ltehig (1848) to be different from the lactic acid of fermentation. It 
is present in different animal organs, and is most conveniently obtained 
from Liebig's beef-extract. 

Sarcolactic acid is also formed during butyric fermentation (p. 259) 
by the granulo-hacillus and other butyric ferments (C. 1900, I. 777). 

Dextro- and lievo-lactic acid, m.p. 26® appiox , aie very 
hygroscopic bodies. Alkali converts the /-acid very rapidly into the 
\_d+l\ modification, whilst the ^/-acid is changed more slowly (C. 
1904, II. 641). 

The rotation of an approximately 1*24 ]^br cent, solution of the 
crystallized acid in water is ±2*24® (C. 1906, I. 1150)- 

The dextro- and l8e\o-lactates of z%nc cr5^talli7e with 2 molecules 
of water (€311503)2211 -f2H20. For other salts, see B. 29 , R. 899. 
Zme ^/-lactate rotates the plane of polarization to the left, whilst the 
/-lactate rotates it to the right: [a]g’=±8-6®. 

Homologous a \Iydrox3>-acids.— The homologous a hydroxy-acids are, from 
the very nature o£ things, either secondary or tcrti'iry alcohol aeids Glycollic 
acid IS th*' only primary a-alcohol acid (a) The secovidary alcohol acids are 
generally foimcd (i) from the coiresponding o-halogen fatty acids (method 5) , 
(2) mulens-synthelic, from aldehydes and hydrocyanic acid, and subsequent 
saponification of the nitriles of the hydroxy-acids by means of hydrochlonc acid 
(method 9) (6) 1 he tertiary hydroxy acids result— 

(1) 1 10m the oxidation of dialkvl acetic acid (general method 3) 

(2) Upon treating a-ketone alcohols with alkalis and air (method 8, p 358) 

(s) By the action of hydrocyanic acid and hydrochlonc acid on ketones 

(method o) 

(4) When 7inc and alkyl lodi hs n ac t with oxalic ester (method rr, p 358) 

(5) From a kc tone acid esters and m ignesium alkyl halides (C 1902. II 1359). 
Hydroxybutync Acids. — boui of the hve possible isomers are known, two 

of these atf a-hydioxy-acids (r) a IHdroxybutvnc Acid, C HjCHjCH(OH)COjH, 
m p 43®, has been resolved by brucine into its optically active components 
(B 28 , R 278, 325, 725) (2) a Hydroxyisobutync Acid Butyl Lactic Acid, Ace^ 

tome Acid Dimethyl Oxalic And r2-Mothvl-2-pro^anol Acid], (CH,)2C(OH)COOH, 
m p 79” bp 212°, IS obtaintcl trom dimethyl acetic acid, from acetone and 
fiom oxilu ester (sec above) hence the names acctonic acid and dimethyl 
ox ilir acid It is prpdiucil p isoamylene glycol is oxidized by nitnc acid, 
and IS obtained from a bromo and a-amidobutync acid as eU as from amyl 
pyroracemate and CHjMgl and from acetone chloroform It occurs m the 
urine during (C 1890, II b^) 

Acetone Chloroform. (CH3)2C(OH)CCl„ mp 91®. bp 167®, is obtained by 
the union of acetone and cliloroform in the presence of alkali hydroxides It is a 
derivative of a-hydroxyisobutviic acid, the chloride of ortho-a-hvdroxyisobutync 
acid (p 235) which stands in the same relation to a-hydroxyisobutyric acid that 
chloroform does to formic acid Aqueous alkalis convert it into a-hydroxyl- 
isobutync acid (TFt//g«7orf/ B 20,2415; 29 , R 908; C 1898,11 277, 1902, 

1 176) It acts as an anaesthetic and an antiseptic 

In the prf sence of phenols and sodium h> droxide solution, acetone and chloro- 
form yield a-phenoxyisobutync acids, 0 , 11 , 00(011 j)jCOOH (C 1910, II 3*^)* 

a-Hydroxyvaleric Acids: 

a Hydroxy- n-valevic Acid, CH, CH, CH, CH(OH) CO,H, m p 28-29® (B. 18 » 

R 7 b) • 

a-HydroxyisovaXeric Acid, (OH,), CH CH(OH) 00,11 m p 86®, is prepared 
from dimethyl pyroracemic acid (p 408) (A 205,28, B 28 , 296, C 1902, I. 251). t 

Methyl Ethyl GlycoUte Actd. JJ»>C{OH) CO,H, m p 68“ (A 204 , i8) 

a-Hydroxyoaprolc Acids, a Hydroxy-n-caproic Acid, OH3[OH*]aCH(OH)COOH, 
m.p. isprepjired from a-bromo- or a-amino-n-capioic *acid. a~Hydroxy^tso~ 
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caproic Atid, Leucic Add, {CH3)2CH.CH,ClI(OH)COOH, m.p. 73®, is obtained, 
from leucine (p. 389) by means ot nitrous acid (Stvecker, 1848). a-Hydroxy-diethyl 
Acetic Acid, Diethyl Oxalic Acid, (C2H5)2C(OH).COOH, m.p. 80® (A. 200 , 21). 
a-Hydroxy~methyl Isopropyl Acetic Acid, (CH,)gCH.C(CH8)(OH)COOH, m.p. 
63® (C. 1898, I. 202). a-Hydroxy-tert. -butyl Acetic Acid, (CIl 3 )aC.CH(OH)COOH, 
m.p. 87®, is obtained from trimethyl pyroracemic acid (p. 408) by reduction. 

Higher a-Hydroxy-fatty Acids: p-Diethyl Ethylidene Lactic Acid, (CgHj),- 
CH.CH(OH)COOH, m.p. 82°, is prepared from y-bromo-y-acetoxy-a-dicthyl 
acetoacctic ester, (CjH6)2^(^-OOR)^ ^ Cfii^r(OCOCH3), by means of the cleaving 
influence of dilute suljjluiric acid (B. 31 , 2953). a-Hydroxy-n-caprylic Acid, 
Cn3[CH2]BCH(OH)COOH, m.p. 69*5®, is obtained from oenanthol. Di-n-propyl 
Glycollic Acid,a-Hydroxy-diin-propyl Acetic Acid, (C8H7)2r(()U)C'OOH, m.p. 72®, 
is prepared from butyrom (p. 342) (B. 23 , 1273). Di-isopiopyl Oxalic Acid, 
a-Hydroxy-di-iso propyl Acetic Acid, (C8H7)C(0I1)C001I, m.p. tii° (B. 28 , 2463). 
Di-isdhxiiyl Glycollic Acid (C4H8)jC(OH)COOII, m.p. 114°. Methyl Nonyl Glycollic 
Acid, (C,H,,)i:(CH3)(Cn)COOU. m.p. 46®, is obtained from methyl nonyl 
ketone (C. 1902, I. 744). 

a-Bromo -fatty acids have yielded the following: a-IIydroxylauric Acid, 
Ci 8H22(011)COOH, m.p. 74° (C. 1904. I. 261) ; a-Hydroxyniyristic Acid, CijUbb" 
(0H).C02n, m.p. 51® (B. 22,1747); a- Hydroxy palmitic CiBH8o(OH)C02lf, 

m.p. 82®" (B. 24 , 939) ; a-Ilydroxy stearic Acid, C^7H34(0H)C02lI, m.p. 85® 
(B. 24 , 2388). 

In the following pages those a-hydroxy-acid derivativob will be described 
which bclonf* to glycollic and lactic acids. 


Alkyl Derivaiives of the a-Hydroxy-aelds. 

A single a-liydroxy-acid yields three kinds of alkyl derivatives: ethers, esters 
and ether-esters : 


coon 

1 

CHjOH 

Glycollic 

Acid. 


COOII COOCgHg 


CHgOCgllB 
Elhyl Glycolhr 
And. 


CHgOll 

Glycollic Ethyl 
E'.tcr. 


COOCaHj 

I 

rii.oCsirs. 
Ethyl Glycollic 
Ethyl Ester. 


(1) The alkyl-ethers of the a-hydroxy-aculs are obtained (i) by tlic action of 
sodium alcoholdtes on salts of tho o-halogcn substitution products of the fatty 
acids ; (2) by the saponification of the dialkyl ether esters or alkyl ether nitriles 
(p. 380) of the a-hydroxy-acids. 

Methyl-ether Glycollic Acid, CHgOCIIg.COOH, b.p. 198". Ethyl Glycollic 
Acid, b.p. 206-207®; chloride, b p. 128® (J. pr. Ch. [2] 65, 479 : C. 1907, I. 871). 
a-Ethoxyl Propionic Acid, CHjCI^OCaHsj.COgfl, b.p. with partial decomposition 
195-198°. It is split up by means of cinchonidine or morjdnne into its two 
optical components, which arc remarkable for their large rotations. 

(2) Alkyl Esters of the o-hydroxy-acids result (i) on heating the free acids 
with absolute alcohol ; (2) when the cyclic double esters, the lactidcs, are heated 
with alcohols. Glycollic Methyl Ester, CH8(OH)COOCH3, b.p. 151°. Glycollic 
Ethyl E^ter, b.p. ibo®. Lactic Methyl Ester, Cll3CH(0}I)('03CH8, b.p. 145°. 
Lactic Lthyl Ester, b.p. 154*5®. 

(3) Th- di alkyl-ethyl esters of the a-hydroxy-acids arc produced (i) when 
sodium alroholates act on the esters of a-halogcn fatty acids; (2) by the 
interaction of alkylogens and the sodium derivatives of the alkyl esters of the 
a-hydroxy-acids. 

Methyl Glycollic Methyl Ester, CHj{OCH3).COOCH3, b.p. 127° ; ethyl ester, 
b.p. 131**- Glycollic Methyl Ester, CHg(O.C2H,)ro.OCH8. b.p. 148°. 

Ethyl Glycollic Ethyl Ester, b.p. 152® (B. 17 , 486). Methyl Lactic Methyl Ester, 
CH8CH(0CH3)C00CH3, b.p. 135-138°; ethyl ester, b.p. 135*5®. Ethyl Lactic 
Ethyl Ester. CH,.CH(Oc:gH5).ro6C2ll6, b.p. 155® (A. 197 , 21 ; B. 40 , 212). 

Anhydride Formation of the a-Hydroxy-Aoids. 

Since the a-alcohol-acids possess the characteristics of both car- 
boxylic acids and alcohols, they are capable of forming various types 
of anhydrides. These may occur between the alcoholic groups of two 
molecules (dicarboxylated ethers or ether acids), between the carboxylic 
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groups, between the alcoholic groups (dihydroxylated carboxylic 
anhydrides and ether carboxylic anhydrides), and, finally, between the 
alcohol group of one molecule and the carboxylic group of a second 
(alcohol ester acids or semilactides and cyclic double esters or lactides). 
The best example for examination is glycollic acid. 

1. 0<Q^*QQQ^ Alcohol anhydride of glycollic acid : Digly collie Acid 

2. Glycollic anhydride is not known. 
rlOOrl 

V Alcohol- and acid-anhydride of ^glycollic acid: Diglycolltc 

CIljCO Anhydride. 

HOCO^H Open ester acid : Glycollo-glycollic Acid. 

5. Closed, cyclic double ester of glycollic acid : Gly collide, 

^UClla simplest Lactide. 

Dlglycollic Acid, the alcohol anhydride of glycollic acid, C4Ha05, is formed 
together with glycollic acid on boiling monochloracctic acid with lime, baryta, 

0 CU C_H CiT'C 

magncsiii, or lead oxide, and in the oxidation of diethylene glycol, qjJ 

(p. 313). Diglycollic acid crystallizes with water in large rhombic prisms. 

Dlglycollic Anhydride, m.p. 97®, b.p. 240®, is isomeric with 

glycollide. It is obtained from glycollic acid by a simultaneous alcohol-anhydride 
and acid-anhydride formation. It also results upon heating diglycollic acid, or 
by boiling it with acetyl chloride (A. 273, 64). 

Dilactylic Acid, 0(('H3CHC00H)2. has received little attention. 
GlycolloglycoHic Acid, CH2(011)C00CH2C00H, generally termed glycollic 
anhydride, and Lactvlolactic Acid, CH2CH(OH)COOCH(CH8)COOH. commonly 
called lactic anhydride, have not been well studied. They are produced when 
the free rt-hydroxy-acids are heated to too®, and constitute intermediate steps in 
the lactide foimation (B. 23, R. 325). Distillation of lactic acid produces 
lactyl lactic acid, lactide, and also Lactyl Acetyl Lactic .4ctrf,CH8 CH(OH)COOCH- 
(CH3)COOCH(CHs)COOH, m.p. 39°, b.p. 235-240® (C. 1905, I. 862). 

Lactides : Cyclic Double Esters of the a-Hydroxy-aclds. 

Dlglycolllde, m.p. 86®, is produced when polyglycollide is 

distilled under greatly reduced pressure. When heated at the ordinary pressure, 
or if kept, it reverts to polyglycollide, from which it differs by its lower 
melting point and ready solubility in chloroform. It combines readily with 
water (A. 279, 45). 

Polyglycollide, (CtHaO*)x, m.p. 223®, is formed on heating glycollic acid, and 
when dry sodium chloracctate is heated alone to 150®. It passes into glycollic 
esters when heated with alcohols in sealed tubes (A. 279, 45). 

Lactide, 0<coc^CH°^®’ m.p. 125®, b.p., 20 255®, b.p.i, 138® (B. 28, 
2595), results on heating lactic acid under diminished pressure. It can be 
recrystallizcd from chloroform (A. 167, 318; B. 25, 3511 ; 28, 2595). d- and 
l-Lactide, m.p. 95® (C. 1906, I. 1329). The optical rotation of the lactic acids is 
increased greatly by lactide formation. Homologous lactides, see B. 26, 263 ; 
A. 279 TOO. 

COO V 

Cyclic Ether Esters. — Glycollic Methylene Ester, | ^CH2, is obtained from 

glycollic acid and formaldehyde (C. 1901, II. 1261). Glycollic Ethylene Ester ^ 
COOCH, 

I I , m.p. 31®, b.p. 214® (B. 27, 2945). 

CHaOCH, 

COOv 

Methylene Lactate, | XH,. b.p. 153® (B. 28 , R. 180), 

CHaCHO^ 
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LacHc Ethylidene Ester, | ^CH.CH,, b.p. 15 1®, is produced when 
CH3CHO/ 

lactic acid and acetaldehyde arc heated to t6o°. Its hexachloro-derivative is 
chloralide (below). ‘ 

Aeld Esters of the a-Hydroxy-aelds. 

NitroglycolHc And, m.p. 54®, results, together with nitroglycollyl glycollic acid, 
NOjOCHjCOOCHaCOOH, from glycollic acid and nitrosulphuric acid. 

Nitrolactic Acid, CH3CH0(N03)C00H, is a yellow liquid, decomposing at the 
ordinary temperature into oxalic and hydrocyanic acids (LJ. 12 , 1837 ; C. 1903, 
II. 488 ; 1904, 1 . 434). M^no-halogen acetic acid (p. 287) and a-halogen propionic 
acid (p. 288) are looked on as being haloid acid esters of a-hydroxy-acids. 

Acetyl Glycollic And, CH20(C0CH8)C00H, m.p. 67®, b.p.ig 145°, is obtained 
from glycollic acid and acetic anhydrides ; chloride, b 54® ; ethyl ester, 
CH,0(C0CH3)C00CgH5, b.p. 179®. Acetyl Lactic And, CHaCH(OCOCH3)- 
COOH, m.p. 57-60°, b.p.|, 127®, is prepared from lactic acid and acetyl 
chloride ; chloride, b-p.^ 56° (B. 36 , 466 ; 37 , 3971 ; 38 , 719; C. 1905. 1 - 1373 )- 

Halogen a-Hydroxy-acids. 

^-Monohalogen Ethylidene Lactic Acids. — p-Cklorolactic Acid, CHgClCH- 
(OH)COgH, m.p. 78®. p-Bromolactic Acid, CKTaBrCllOlTCOgll, m.p. 89®. 
P-Iodolactic Acid, CHjICH(0H)C02H, m.p. 100®. These three acids have been 
prepared bv adding hydrogen chloride, bromide or iodide to epihydrm or glycidic 

I ' 

acid, CH2CH(0)C0jH. 

jS-Chlorolactic acid is also formed from monochloralde hyde by the action of 

hydrocyanic acid and by the oxidation of epichlor hydrin, CHaCH(0)CIl2Cl, and 
Or chlorhy drift, CH2ClCH(OH).CHjOH, with concentrated UNO, ; as well as by 
the addition of hypochlorous acid to acrylic acid (together with a-chlorhydra- 
crylic acid). 

Silver oxide converts it into glyceric acid ; when reduced with hydriodic acid 
it becomes / 3 -iodopropionic acid. Heated with alcoholic potassium hydroxide 
it is again changed to epihydric acid (see above), j ast as ethylene oxide is obtained 
from glycol chlorhydrin (p. 317). 

Higher halogen substitution products of the a-hydroxy-acids have been 
prepared by the progressive treatment of halogen aldehydes, like di- 
chloraldehyde, chloral, bromal, and trichlorobutyiic aldehyde, with 
hydrocyanic acid and hydrochloric acid. Trichlorolactic acid has 
been the most thoroughly studied. 

fi DichlorolacticAcid, CHCl3.CH(OH).CO,H, m.p. 77®. 

/3‘Trichlorolactic Acid, CCl3.CH(0H)C02H, m.p. 105-xio®, is 
soluble in water, alcohol and ether. Alkalis I'asily change it into 
chloral, chloroform and formic acid. Zinc and hydrochloric acid 
reduce it to dichlor- and mono-chloracrylic acids (p. 294). 

Because tnrhlorolactic acid yields chloral without difficulty, it is converted 
quite readily, by different reactions, into derivatives of chloral, and also of 
glyoxal, probably by decomposition into dichloraldehydc and COj. It forms 
glyoximc with hydroxylamine, and glycosin with ammonia (p. 346, and B. 17 , 
I 997 )- 

Trlohlorolactie Etayl Ester, CCl,CH(OH)COOC3H6, m.p. 66 ®, b.p. 235®, is 
prepared from chloral cyanhydrin with alcohol and sulphuric or hydrochloric 
acid (B. 18 , 754 )- 

Chloralide, Trichlorethylidene Trichlorolactic Ester. CCIj.CH<^q >CH,CC 1 „ 

m.p. 114®, b.p. 272®, was first prepared by heating chloral with fuming sulphuric 
•acid to 105®, and subsequently when trichlorolactic acid was heated to 150® with 
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excess of chloral When heated to Z40" with alcohol, it breaks up into trichloi'o- 
lactic ester and chloral alcoholate (Wallacht A 193 , z). Chloral also unites with 
lactic and other hydroxy-acids, glycolhc, malic, salicylic, etc , forming compounds 
very similar to that with tnchlorolactic acid, known as chlorahdes (A 193 , x) 

Trlbromolaotie Acid, CB13 CH(0H)C02H, mp 1 4 1-I43^ unites with chloral 
and bromal to corresponding chloralides and bromalides 

Trlchlorovalerolactlc Acld.CH.CCl.CHCl CH(OH) CO3H, m p X40» (A 179 , 99 ). 

) 9 -Hydroxycarboxylio Acids. 

Generally the ) 3 -hydroxycarboxylic acids, when heated, part with 
water and become converted mto unsaturated <>lefine carboxylic acids : 

— HjO 

CHjOHCHjCOjH > CHa=CHCO,H. 

Ethylene Lactic Acid or Hydracryhc Acid Acrylic Acid 

In the case of the higher homologues of ethylene lactic acid, when 
water is eliminated, both aj 3 - and jSy-olefine carboxylic acids (B. 26 , 
2079) lesult. 

a-Dtalkyl P-Hydroxy-Uctds and their esters are prepared from the 
dialkyl acetoacetic esters by reduction, and from aldehydes, a-bromo- 
dialkyl acetic esters by zinc. Those which possess no hydrogen 
atom m the a position free to take part in the splitting off of water 
decompose in various ways : when heated, some are converted into 
a mixture of aldehydes and dialkyl acetic acids , others yield seim- 
lactides, such as the a-hydroxy-acids (p 366) (C 1904, I. 1134) : 

CHaCH(OH)C(CsH5),COOH=CHaCHO-fCH(C,ll5)*COOH 
a Diethyl /3 hydroxybutyric Acid Diethyl Acetic Acid. 

CH,(OH)C(CH,)aCOOH 

Hydroxypivalir Acid 

CH,(OH)C(CII,)aCOO[CH3C(CH3)aCOO]4CH, C(CHa)aCOOH 

The esters of such acids containing free hydrogen atoms attached 
to a carbon atom in the y-position leact with P205m a benzene solu- 
tion and form j3y-olehne carboxylic acids , in other cases atomic 
wandering occurs, and ajS olefine carboxylic acids result (pp. 293, 
371) (C. 1906, I. 999’, II. 318). 

)8-Hydroxyacicls are produced (i ) in the oxidation of pnmary-secondary and 
pnmary-tcrtiary glycols , (2) (p 357) by the reduction of j8 ketone carboxylic 
esters (secondary hydroxy -acids) , and (3) on boiling fiy or A a olcfmc carboxylic 
acids with sodium hydi oxide furthermore, zinc and the esters of the mono- 
halogen fatty acids — e g bromisobutyric ester — combine with aldehydes (isobutyl 
aldehyde) to form secondary p hydroxy -acids, and with ketones to form tertiary 
j8-hydroxy-acids (B 28 , 2838, 2842 , C 1906 , 1 999 , II 318). In these reactions 
the followmg stages can be recogiiired : — 

I CHaCl COaR'+Zn=CHa(ZnCl)COOR' 

II CH,(ZnCl)CO,R'4 (C,H,),CO=(C.H,),C<g*|f 

• 

Ethylene Lactic Acid, Hydracrylic Acid [3-Propanol Acid], 
CH2(0H).CH2 CO2H, IS isomenc with ethyhdene laette acid or the lactic 
acid 0/ fermentation, and is obtained (i) by the oxidation of trimethy- 
lene glycol , (2) from )5-iodopropionic acid, or )3-chloropropionic acid, 
with moist silver pxide , (3) from acrylic aad by heating with aqueous 
VOL. I. . 2 B 
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sodium hydroxide' to 100° ; (4) by the saponification of ethylene 
cyanhydrm with hydrochloric acid. This reaction completes the 
synthesis of ethylene lactic acid from ethylene : 


CU.OH 


cn. 



CH.CN 


eH.OH 


CH,CO,II 

->1 

CH.OH 


CHaOH 


The free acid forms a non-crystallizable, thick S3mip. When 
heated alone, or when boiled with sulphuric acid (diluted with i part 
H2O), it loses water and forms acrylic acid (hence the name hydra- 
crylic acid). 

Hydriodic acid again changes it to j 3 -iodopropionic acid. It jdelds 
oxalic acid and carbon dioxide when oxidized willi chromic acid or 
nitric acid. • 


The sodium salt, CH2(OH)CH|COgNa, m.p. 142-143°, and the calcium salt, 
(C,H503)2Ca4-2H,0, m.p. anhydrous 140-150°, when heated above their molting 
points pass into the corresponding acrylates. The zinc salt, (C2H50,)2Zn 4-4H,0, 
IS soluble in water and alcohol, whereas the latter precipitates zinc salts of 
the isomeric acids. fi-Amyloxypropionic Acid, CjIInOCIljCHjCOOH, b.p.20 
140°, yields the diamyl-ether of tetramethylcne glycol, when its sodium salt is 
electrolyzed (p. 315) (C. I 905 » I- 1698). 

jS-Hydroxybutyric Acid, [3-Butanol Acid], CH3CH(0i:l)CH2C02H, is formed 
(i) by the oxidation oi aldol (p. 338); (2) by the reduction of acetoacetic ester 
(p. 416) with sodium amalgam ; (3) from a-propylene chlorhydrin, Cll8CH(OH)- 
CHjCl, by the action of KNC and subsequent hydrolysis of the cyanide. It is 
a thick oil and is volatile in steam. Heat decomposes it into water and crotonic 
acid, CH3.CH : CHCOOH. Conversely, crotonic ester unites with alcohol in 
the presence of CalfiONa to form jS-ethyoxybutyric ester, C2H60.CH(CH3)CH2- 
CO2R (B. 33 , 3329). The racemic acid is split by means of its quinine salts ; the 
/<»i»o-rotatory component [o]d=— 24*9° is separated out, and the dextro-ToiAtoiy 
component is obtained from the mother liquor. An optically active / 3 -hydroxy- 
butyric acid has been isolated from diabetic urine (B. 18 , K. 451). 

k-llydroxyisobutyric Acid, H0CH2CH((2H3).C02H, is' not known. 

P-Hydroxy-n-valeric Acid, CH3CH2CH(0H).CHaC02H (A. 283 , 74. 94). 
a-Methyl fi-Hydroxybutyric Acid CH3CH(OH)CH(Cllj)CO,H (A. 250 , 244). 
a Ethyl Hydracrylic Acid, is a syrup : ethyl ester, b.p. 3 96°, is obtained from 
trioxymethylene and o-bromobutyric acid in benzene solution with zinc (C. 1905, 
II. 45, 540). p-Hydroxyisovalenc Acid, (CH3)2C(OH)CH2.COjH, results when 
isobutyl formic acid is oxidized with KMn04 (A. 200 , 273). a-Dimethyl Hydra'- 
crylic Acid, Hydroxy pivalic Acid, HO.CH2C(CH3)aC(>OH, m.p. 124°; ethyl ester, 
b.p. 13 86°, is obtained from trioxymethylene, bromisobutyric ester and zinc 
(C. 1002, I. 643). Acetoxypivalic chloride 1908, I. 1531). 

B~Hydroxy-n~caproic Acid, CH,CH2CH2CH(0H)ClijC02H, is formed on 
boiling hydrosorbic acid with sodium hydroxide (A. 283 , 124). a-Ethyl / 3 - 
Hydroxybutyric Acid, CH8CH(0H)CH(C2H3)C02H (A. 188 , 240). a-Methyl / 3 - 
Hydroxyvaleric Acid, CH3CH2CH(0H)(:H(CH3)C08H (B. 20 , 1321). 

p-Hydroxyisocaproic Acid, (CH8)2CHCH(OH)CH2C02H (B. 29 , R. 667). 
PP’M ethyl Ethyl Hydracrylic Acid is obtained by oxidation of methyl ethyl 
allyl carbinol (C. iquo, I. 1069), a-Methyl fi-Ethyl Hydracrylic Acid is a syrup. 
a-Methyl a-Ethyl Hydracrylic Acid, m.p. 56°. a-Propyl Hydracrylic Acid is a 
syrup. a-Isopropyl Hydracrylic Acid, m.p. 64°. aap-Trimethyl Hydracrylic 
Acid, m.p. 31®, b.p.u 148®, is obtained as an ester (method of formation, No. 12, 
p. 358). 

p llydroxyisoheptylic Acid, (CHal.CHCH.CHtOHlCH.CO.H, m.p. 64° (A. 
283, 143). 
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^•Methyl Propyl Ethylene Lactic Acid, (CHj)(CtH,)C(OH)CH,CO|H, is pro- 
duced in the oxidation of methyl allyl propyl carbinol (J. pr. Ch. [2] 23 , 267). 

P-Diethyl Ethylene Lactic Acid, (C,H5)2C(OH)CHjCO|H, results from the 
oxidation of diethyl allyl carbinol (J. pr. Ch. [2] 23 , 201) (p. 124). a-Methyl 
Ethyl p-^Hydroxybutyrtc Acid, CH,CH(OH)C(CH,)(C,H5)COaH (A. 188 , 266). 
Tetramethyl Ethylene Lactic Acid, (CH3),C(OH)C(CHs)2CO,H, m.p. 152®, is pre- 
pared from acetone bromisobutyric ester and zinc. It yields CO, and dimethyl 
isopropyl carbinol when heated. The ester and PjO, yield dimethyl isopropenyl 
acetic acid (B. 28 , 2829 ; C. 1906, I. 909). a-Dimethyl P-Ethyl Hydracryhc Acid, 
C,H5CH(0H)C(CH,)2C00H, m.p. 103® (C. 1901,!. 1190). p-Hydroxyiso-octylic 
Acid, (CH5)2CHCH,CII,CH(01i)CII,C02H, m.p. 36® (A. 283 , 287). 

a-Methyl Propyl p-Hydroxybutync Acid, CH,CH(OH)C(CH3)(C,H,)COaH (A. 
226 , 288). a-Diethyl p-Hydroxybutync Acid, CH,CH(OH)C(CaH3),COaH (A. 201 , 
65 ; 266 , 98). a~Dtmethyl p-Isopropyl Ethylene Lactic Acid, (CH3)aCH.Cll(OH).- 
C(CH3)a.COaH, m.p. 92° (B. 28 , 2843), is obtained also by oxidation of the corre- 
sponding glycol (p. 316) or aldol (j). 373) (C. 1902, I. 461). 

The y- and S-Hydroxy-acids and their Cyclic Esters, the y- and 
8-Lactones. — ^The y- and 8-hydrox3^-acids arc distinguished from the 
a- and j8-hydroxy-acids*.by the fact mentioned (p. 362) that they 
are capable of forming simple cyclic esters, when the carboxyl group 
enters into reaction with the alcoholic hydroxyl group. This is a 
reaction that is accelerated by mineral acids in t he case of the forma- 
tion of the ordinary fatty acid esters. The cyclic esters of the y- and 
S-hydroxy-acids are called y-Lactones and 8-Lactones. In the first 
there is a cliain of four, in the second a chain of five carbon atoms 
closed by oxygen. They sustain the same relation to the oxides of 
the y- and 8-glycols, and to the anhydrides of the y- and h-dicarhoxylic 
acids, that the open carboxylic esters bear to the etliers of the alcohols 
and fatty acid anhydrides. Suppose, for example, that a hydrogen 
atom has been removed from cacli methyl group in the formulae of 
ethyl ether, acetic ethyl ester and acetic anhydride, and the methylene 
residues aie tlieii joined to each other, we then arrive at the formulae 
of tctrainethylene oxide, y-butyrolactone and succinic anhydride. 
The following scheme repiesents these relations : 


CH, ('H,^'^ 

Ethyl Ether, 

CH,CO . Q 

Acetic Ethyl Ester. 

Cli,CO. „ 
CHjCO-^'* 
Acetic Anhydiide. 

rH3.cii,v 

1 >0 

C115.CH/ 

Tetramethylene Oxide. 

aCllaCO V 

1 >0 

y-Butyrolactone. 

CHjCOv 

1 >0 

CHjCO^ 
Succinic Anhydride. 


This lactone formation occurs more or less easily, depending upon 
the constitution of the y-hydroxy-acids. The very same causes which 
influence the anhydride formation with saturated and unsaturated 
dicarboxylic acids [q.v.), exert their power with the y-hydroxy-acids. 
It has been seen that increasing magnitude or number of hydro- 
carbon residues in the carbon chains closed by oxygen favours the in- 
tramolecular splitting-ofE of water among the y-hydioxy-acids (B. 24, 
1237). When the y-hydroxy-acids are separated from their salts by 
mineral acids they break down, especially on warming, almost 

* The lactone of a /8-hydroiy-acid is exemplified by asym.-dimethyl malic 
actone 
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inuneOiately into water and lactones. It is only when the latter are 
boiled with ftlVali carbonates that they are converted into salts of the 
hydroxy-adds. This is more readily accomplished through the agency 
of the alkali hydroxides. The y-lactones are characterized by great 
stability, being only partially converted into hydro:qr-acids by water, 
after protracted boding, whereas those of the 8-variety gradually 
absorb water at the ordinary temperature and soon react add (B. 
18 . 373 ). 

History, — ^Tlie first (T873) discovered aliphatic lactone was butyrolactone, 
obtained by Saytzeff, who, however, regarded it as the dialdehyde of succinic 
acid. Erlenmeyer, Sr. (1880), expre ssed the opini on that lactones could only 

exist when they contained the group i — C — C — COO, which is present, as is well 
known, in the anhydrides of succinic acid (B. 13 , 305). Almost immediately 
afterwards J. Bredt demonstrated that isocaprolactone, from pyroterebic acid, 
was in fact a y-lactonc (B. 13 , 748). Ftiitg, as the result of a series of excellent 
investigations, established the genetic relations of the lactones to the hydroxy- 
acids and unsaturated acids, and taught how this cl^ss of bodies could be produced 
by new methods. E. FUcher has shown tha., polyhydroxylactones play an 
especially important rdle in the synthesis of the various varieties'of sugar. 

The general methods of formation of the y-hydroxycarhoxylic acids 
and their cyclic esters — ^the y-lactones : 

(1) By the reduction of the y-ketone carboxylic acids with sodium 
amalgam : 

CH,CO.CH2CH,COOH-{-2n--=CHaCH(01I)CH2CH,COjH. 

Lavulinic Add. yHydroxyvalenc Acid. 

(2) From the y-halogen fatly acids : (a) by distillation, when the 
lactones are immediately produced : 

ClCHjCHaCHaCOaH (^H,CH,CH,COC)-fHCl ; 

(6) by boiling them with water, or with alkali hydroxides, or carbon- 
ates. In the latter case y-lactones are even produced in the cold. 

(3) From unsaturated acids in which the double union occurs in 
the jSy- or yS-position, that is, from the A*-(j8y)- or A*-(y8)- unsaturated 
acids : 

{a) by distillation ; 

(6) by digestion with hydrobromic acid, when an addition and 
separation of hydrogen bromide occur ; 

(c) by digestion with dilute sulphuric acid (B. 16 , 373 ; 18 , R. 229 ; 
29 , 1857) : 

CH2=-(LTICH,CHaCO*H > CHjCHCH.CH.Coi 

AUyl Acetic Acid. yValerolactone. 

(4) By tlif* decomposition of y lactone carboxylic acids into y-lactones 
and CO,, by distillation, whereby the isomeric unsaturated acids are 
also produced (pp. 292, 300) : 

^^•>(i.CH(c6oH).CH,Coi) > ^y*>(i.CH,.CH,.Coi+CO,. 

Terebic Acid. Isocaprolactone. 

By similar reactions lactones can be formed by decomposition of the con- 
densation product of glycol halogenhydrin {p. 319)* (a) with sodium aceto- 
acetic ester, and ( 6 ) sodium malonic ester. 
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(5) Reduction of the derivatives of dicarboxylic acids leads to the formation 
of glycols (conformably with method of formation sb, p. 3x0). Alcohol acids 
are formed as intermediate products during reduction ; in the cases of esters, 
chlorides, or anhydrides of the succinic and glutaric acid series, reduction with 
sodium or aluminium amalgam, or with sodium and alcohol, gives rise to a 5—50 
per cent, yield of y- and S-hydroxy-acids and y- and 8-lactones respectively. 


CH,— COv 
CH,— CO^ 

Succinic Anhydride. 
Glutanc Anhydiide. 


CH*— CH,v 

■ I >o- 

CH,— CO / 

Butyrolactone. 


CH.< 


CH,— CH,x 


Cfl.CO ^ 

£-VaIerolactone. 


CHaOH 

I 

CH,— CH,OH 

Tctrametbylene Glycol. 

• i-w ^CHa— CHaOH 
■ CHaOH 

Pentamethylcne Glycol. 


Since it is possible to prcpaie the half-nitrile of the higher dicarboxylic acids 
by means of potassium cyanide, and to convert these again into lactones, these 
reactions constitute a method for the synthesis of higher lactones out of the lower 
members. Asym. -alkyl succinic acids and asym.-alkyl glutaric acids when 
reduced yield in the main the two possible lactones (B. 86, 1200 ; C. 1904, 1 . 925 ; 
X905, II. 755). 

Nucleus-synthetic Methods of FormeUton : 

(6) The action of zinc alkyls on the chlorides of dibasic acids, or of 
magnesium alkyl halides on y-ketonic acid (C. 1902, II. 1359). 

(7) KNC on y-halohydnns, and subsequent saponification of the resulting 
nitnlos 


Nomenclature, — y-Lactones may be viewed as a-, )8-, and y-alkyl 
substitution products of butyrolactone, and may be named accord- 
ingly ; thus, y-methyl but5^olactone for valerolactone : 


Jh, c 


a CHa CHaCOO 


CH, 




ClfaCHaCOO 


The “ Geneva names terminate in " olide ; thus, butyrolactone 
= [Butanolide] ; valerolactone — 1 1 ,4-pcntanolide] . 

Properties of the y- and 5 -Lactonc&. They are usually liquid 
bodies, easily soluble in water, alcohol, and ether. They possess a 
neutral leaction, and a faintly aromatic odour, and can be distilled 
without decomposition. Tlie alkali carbonates precipitate them 
from their aqueous solution in the form of oils. 

Reactions, — (i) They are partially converted into the corresponding 
hydroxy-acids when boiled with water. A state of equilibrium arises 
here, wliich is much influenced by the number of alcohol radicals con- 
tained in the y-lactones. (2) The lactones are changed with difficulty 
by the alkali carbonates into salts of the corresponding hydroxy-acids 
(B. 25 , R. 845), whereas the alkali hydroxides and barium hydroxide 
solution effect this more readily. (3) Many y-lactones combine Avith 
the halogen acids, forming the corresponding y-halogen fatty acids ; 
others do not do this. In the latter the lactone union is easily severed 
on allowing hydrochloric or hydrobromic acid to act on the lactones 
in the presence of alcohol. Then the alkyl ethers of the coi responding 
y-chloro- and y-bromo-fatty acids are formed (B. 16 * 513). Lactones 
are converted into the esters of hydroxy-acids by heating them with 
sulphuric acid in alcoholic solution (B. 33 , 860). 

(4) The y-lactones unite with ammonia, but there is no separation of water 
(p. 378). Similarly, with hydrazine, which gives characteristic crystalline additiop^ 
products, easily split up into hydrazinefand lactone (C. 1905, I. xaax). 
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(5) Sodium and alcohol reduce the lactones to glycols. 

(6) Potassium cyanide unites with the formation of potassium salts of the 
nitrile-carboxylic acids. 

(7) The lactones condense under the influence of sodium and sodium alcoholate 
to compounds which cive up water when treated with acids to form substances 
composed of two lactone n’sidues. When boiled with bases, these bodu's are 
converted to hydroxy carboxylic acids, which split oft carbon dioxide, forming 
oxetones (q.v.), cleiivatives of dioxyketones : 

ClI,rH.CH* /CH2.CH2 -HjO CHjCfl.ClIa XH*— CTl^ 

‘ . f-OCY I ^ I I 

0~C0 OCH.CHs O-CO Nd (H.ClIj 

‘II.. -COj CII3CH C'lla XHa-— Clla 

I :t:c< I 

II.Cll, OHHOC O LlICHa 


y-Lactones. 

Butyrolactone fBntanolicle], CHa.Clf, Clia.v'oo, b.p. 206®, has been 
obtained (i) by rdlowing sodium amalgam and glacial acetic acid to act 
on succinyl chloiid#^ in ethereal solution (A. 171, 261 ; B. 29, 11Q2) ; 
(2) from jS-formyl piopionic acid (p. 402) by reduction ; (3) from butyro- 
lactone carboxylic acid {q.v.), by the splilling-off of CO 2 (B. 16, 
2592) ; (4) by the distillation of y-clilorobutyric acid (B. 19, K. 13) ; 
(5) from oxethyl acetoacetic ester (the reaction product of ethylene 
chloT hydrin and acetoacetic ester) by decomposing it with barium 
hydroxide (B. 18, R. 26) ; (6) by treating y-phcnyl hydroxybut3nic 
acid with hydrobromic acid (B. 29, R. 286). 

Lactones, CsHgO,: y-Valerolactone, y-Methyl hutyrolactone, [1,4-Pentano- 

> • 

lide], CHj.CH.CHa.CHg COO. b.p. 206®, occurs in crude wood vinegar, and may 
be prepared (i) by the reduction of la^vulinic acid, CH3CO.C IJaCHaCOall (A. 208 , 
104) ; (2) by boiling allyl acetic aud with dilute sulphuric acid ; (3) when 
y-bromovalcric acid is boiled with water; (4) on heating y -hydroxypropyl 
malonic lactone to 220° C. (A. 216 , 56) ; (5) and in .small quantities when methyl 
/>arflC0Ht6 IS distilled (A 255,2 5). Dilute nitric acid oxidizes y-valerolactone 
to ethylene succinic acid, whilst HI converts it into n-valcric acid. 

|. . 

orMcthyl Butyrolactone, CHaCHjCHfCHjjCOO, li.p. 201®, is obtained from 
pyrotartaric chloride or anhydrule by reduction (13 28 , 10; 29 , 11Q4 ; C. 1905, 

It- 755). 

Lactones: CgH^gOg. 

Caprolactones. y-Ethyl Butyrokutone, y-n-Caprolactone, [1,4-Hexanolide], 

CHg.CHaC IK ligCHjCOO, b.p. 220®, is formed by llic general methods 2, 3, 
and 4. It also appears in the reduction of glucom< acid, mctasaccharic acid 
and galactonic acid by hydriodic acid (B. 17 , 1300 ; 18 , 642, 1555). 

a-Ethyl Butyrolactone, b.p. 219°, is prepared from ctliyl succinic anhydride 
and from a-ethyl a-ethoxyacetoacetic ester. 

Py-Dimethyl Butyrolactone, b.p. 209°, is obtained fiom /3-acetobulyric acid, 

aa-Dimethyl Butyrolactone, b.p. 202®, is formed, together with its isomer 
pp~Dimethyl Butyrolictone, by reduction of unsym.-dimethyl succinic ester as 
anhydride (C. 1904, 1 . 925 ; II. 587). 

Isoeaprolaetone, y -Dimethyl Butyrolactone, (CHj)jctH2CH2COO, m.p. 7®, 
b.p. 207°, is produced together with pyroterebic acid in the distillation of terebic 
acid. (See general mctliod 4, p. 372.) Pyroterebic acid itself passes on long 
boiling into isoeaprolaetone. It can also be obtained from isobutyric aldehyde, 
Inalonic acid and acetic anhydride (B. 29 , R. 667). 
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L aetones: CyHi ,0,. y-n-Propyi Batyrolactone, y-n-Heptolactone,, 

CH,( 5 hCH gCH jCod), b.p. 235°, is obtained from y-bromcenanthic acid, from 
n-propyl paraconic acid, and from dextrose carboxylic acid, as well as from 
galactose carboxylic acid on trea tment with hyd riodic acid (B. 21 , 918). y-Iso- 

propyl Butyrolactone, (CHj)jCH.CHCHjCH,COO, b.p. 224®, is formed from 
isopropyl paraconic acid, a- and ^-Isopropyl Butyrolactone are obtained from 
isoproijyl succin ic anhydride. atLy -Trimethyl B^iityrolactone, a-Dimethyl Valero- 

y-lactone, CHj.(iH.CHaC(CH8),COO, m.p. 52®, b.p.^j 86®, may be obtained 
from a-dimethyl IfEvulinic acid (mesitonic acid (q.v.) and from aay-trimethyl 
vinyl acetic acid (C. 1904, I. 720). ayy-Trimethyl Butyrolactone, m.p. 50®, is 
prepared from ay y- trimethyl j8-hydroxy butyric acid (comp. p. 369) (C. 1897, II. 
572). a-Ethyl y-M ethyl Butyrolactone, b.p. 219®, is prepared from a-ethyl ) 3 - 
acetopropionic acid and ethyl allyl acetic acid, mode of formation. No. 3 (B. 29 , 
1^57)- yy-Ethyl Methyl Butyrolactone^ b.p.i, 106°, is obtained from laevulinic 
es^^r and ethyl magnesium halides. 

Lactones : CgHi408. 

y -Isobutyl Butyrolactone prepared from isobutyl paraconic acid. a-Propyl 
y-Methyl Butyrolactone, b p.*2 3 a-Isopropvl y-Methyl Butyrolactone, b.p. 224® 
(B. 29 , 1857, 2001). a-Ethyl Py-Dimethyl Butyrolactone, b.p. 227®, is obtained 
from a-ethyl j8-methyl j8-acetopropionic acid. y-Diethyl Butyrolactone, b.p. 228- 
233*^, IS prepared from succinyl cliloride and zinc ethyl. 

8-Lactones are obtained liom the corresponding 8-halogen carboxylic acids by 
distillation, or from the 8-keto-caiboxylic acids (p. 424), as well as from glutar ic 

esters or anhydride (p. 501) by reduction. h-V alerolactone, <!:H,CH,CH,CH,Coi, 
b.p.i4 II changes spontaneously into a polymer, m.p. 48®, which is decom- 
posed by alkali into 8-hydroxy valeric acid, as is also the simple lactone (B. 26 , 
257^; 36 , 1200; A. 319 , 367). h-Methvlh-Valerolactone,h Caprolactone,C^^fi^, 
m.p. 13®, b.p. 275^. a- or y-Mtthvl h-Valerolactonr ( 13 . 36 , 1201). aa-Dimethyl 
h-Valtrolacione, C7Hxa02, bp, 5 105®. pp-Dimr^hvl S-Valerolactone, m.p. 30®, 
bp. 225® (C. igo5, II. 753). y-Lihyl h-Methyl h-V alerolaUone, b.p. 255® (A. 216 , 
127 ; 268 , 117). 

e- Hydroxy-carboxylic Acids and hydroxy-acids containing a still more remote 
position ot the alcoholic Cll-group sliow no further tendency to lactone-formation. 
They seem lather to split off water like the ) 3 -hydroxy-acids, since olefine car- 
boxylic acids are obtained from the corresponding amino-carboxylic acids with 
nitrous acid, together with or instead of the hydroxy-acids (A. 343 , 44). 

However, e-LactonCs have been obtained by the oxidation of certain terpene 
ketones with permonosulphuric acid (Carols acid). p-Methyl €-Isopropyl c- 

Caprolactone, C8H7CHCH8CH2CH(CH8)CHj|COO, b.p.^, 129®, m.p. 4-8® and 47®, 
according to the geometrical isomer. It is obtained from menthone (Vol. II.). 
The two isomers yield hydroxy-acids, one fluid and the other, m.p. 65® ; but only 
one €-keto-acid is obtained by oxidation. Tetrahydrocarvone (Vol. II.) similarly 
treated yields p-Tsopropyl e-Mcthyl e-Caprolactone, b.p.ji 156®. Methyl Cyclo- 
hexanone (Vol. II.) gives rise to a lactone, which, on breaking down, passes into 
methyl e-hydroxycaproic acid. Suberone (Vol. II.) appears to give a ^-lactone which 
passes into ^-Hydroxycenanthylic acid, HOCH8[CH2]5COOH, on decomposition 
(B. 33 , 858). 

€- Hydroxy caproic Acid, HO[CHs]8.COOH ; phenyl ether, CeH50[CH2]5C00H, 
m.p. 71®, is obtained by adding pota.ssium cyanide to c-chloramyl phenyl ether 
and hydrolyzing the resulting nitrile (B. 38 , 965). 

lo-Hydroxyundecylic Acid, HOCH2[CH,]gCOOH, m.p. 70®, is obtained from 
ai-bromundecylic acid and silver oxide. Oxidation converts it into nonane 
dicarboxylic acid (C. 1901, II. 1043). g- Hydroxy stearic Acid, r8H,7CH(OH)- 
[CHglgCOOH, m.p. 83®, is produced from oleic acid through iodo- or sulpho- 
stearic acid (p. 377). If oleic acid is heated with zinc chloiide it is converted 
into the so-called stearolactone, CigHsaOj, probcably y-tftvadecyl butyrolactone 
(C. T903. I- 1404)- CgH, 7 .CH(OH)Cj,H 24 COOH, m.p, 

90® (C. 1908, I. 2019). 
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Snlplmr DerivatlyeB of tlie Hydrozy-aoids : 

Only the mercaptan carboxylic acids and their reaction products 
will be considered here. These are acids which at the same time 
possess the nature of a mercaptan.* They are obtained as oils, with a 
disagreeable odour, and are miscible with water, alcohol, and ether. 

I. Mercaptan Carboxylle Acids are prepared (i) from halogen-fatty acids 
and KSH ; (2) the xanthogen-latty acids resulting from potassium xantho- 
genate (^.v,) and chloro-fatty acids, are decomposed by ammonia into mercaptan- 
carboxylic acid and xanthogen amide (B. 89 ^ 732 ; A. 348 , 120) : 

CICH.COOK + KSH ==HSCH,COOK -f KCl 
C»HjOCS.SCH(CH,)COONH4+NH3=HSCH(CHa)COONH4H-C,HBOCS.NH,. 

(3) The mercaptan- or thio-carboxylic acids are easily oxidized to disulphides, 
such as (HOOCCH2 )*Sj, which may also be prepared directly from halogen-fatty 
acids and potassium polysulphides ; on reduction, the mercaptan carboxylic 
acids are re-formed (C.1907, 1 . 856 ; 1908, 1 . 1221). 

These bodies tend to form complex salts. 

Thloglycolllc Acid, [Ethanethiol Acid], HS.CHjCOOH, m.p. — 16*5®, b.p.i, 
103®, IS obtained from monochloracetic acid and potassium hydrogen sulphide ; 
and from thiohydantoin, when heated with alkalis (A. 207 , 124). On adding 
ferric chloride to its solution an indigo-blue colorat ion is obtain ed. It is a dibasic 


acid. (Conductivity, B. 39 , 736.) The barium salt, S.CH2C001ia4-3Ha0, dissolves 
with difficulty in water ; ethyl ester, b.p.i, 55® ; amide, m p. 52°. On being 
heated, it yields the thioglycollic acid ihioglycoUide (SCHgCO)*, m.p. about 80®. 

a-Thiolactic Acid, CHsCH(SH)COjII, m p. 10®, b.p.,4 ”99’, is prepared from 
pyroracemic acul (p. 407) and sulphuictted hydrogen , also, together with 
cysteine, a-amino jS-thiopropionic acid (g.w.) (C. 1903, I. 15), from horn (keratin) 
by decomposition with hydrochloric acid. fi-Thiolacttc Acid, HS.CHaCHjCOjH, 
m.p. 168®, b.p.i4 II®, D24 = i-2i8. 

a-Thiobutyrtc acid, b.p.^ 118-122®; a~Thioisooutyrtc acid, m.p. about 47®, 
b.p.,5 102®. 

The first product of reaction of KSH and y-chlorobutyronitrile is probably 
Dithiobutyrolactofle, which loses H^S and condenses further to the red coloured 
Trithiodibutyrolactone, CgHioSa, m.p. 116®. Its structure is probably analogous 
to that of the condensation , production of the lactone with sodium ethoxide 
(P- 374) (B. 34 , 3387)- 

2. a- Alkyl Sulphide Carboxylle Aelds are obtained from the interaction of 
a-halogen fatty acids and sodium mercaptides. Ethyl Sulphide Acetic Acid, 
C,H5S.CH,C00H, m.p. -87®, b.p.„ 118® ; D.® 11518 (B. 40 , 2588). 

3. a-Mercaptal Carboxylic Acids result from the action of a-thio-acids on 
aldehydes. Ethylidene Dithioglycollic Acid, CH4CH:(SCH2 COOH)*, m.p. 107®. 

4. a-Mercaptol Carboxylic Acids result from a-thio-acids and ketones in the 
presence of zinc chloride or HCl. 

Dimethyl Methylene Dithioglycollic Acid, {Clls)tP:(SCll^COOli)^, m.p. 126®. 

5. a-Sulphlde Dlcarboxylic Acids are produced when KjS acts on a-halogen 
fatty acids. 

Thlodlglycolllc Acid, S(CH,CO,H)2, m.p. 129®, correspemds in composition 
with diglycollic acid (p. 367), and under like conditions forms a cyclic anhydride, 
which is both a bulplnde and a carboxylic anhydride. Thiodiglycollic Anhydride, 

m.p. 102®, b.p.jo 158® (B. 27 , 3059). a-Thiodilactylic Acid, 

S[CH(CH4)CO,H]g, m.p. 125®. y-Thiodibutyric Acid, m.p. 99® (B. 25 , 3040). 
uasym.-Sulphide Dicarkoxyhe Acids are obtained from the disodium salts of the 
mercaptan carboxylic acids and sodium halogen fatty acids in aqueous solution 
(B. 29 , 1139). 

6. Disulphide Dlcarboxyllo Acids are readily produced in the oxidation of 
the mercaptan carboxylic acids in the air, or with ferric chloride or iodine. 
DithiodiglycolUc Acid, S*(CHjCO,H)„ m.p, 100®. a-Dithiodilactie Acid, S2[CH- 

m p. X41®. ^•Dithiodiproiionic Acid, Sa(CH2CHaCOOH)g, m.p. 

*!!.** I 



SULPHUR DERIVATIVES ’of THE HYDROXY-AaDS 377 


155® (A. 889 , 351). Trisfdlphide Acetic Add, S*(CH..COOH)„ m.p. I24*. 
sulphide Acetic Acid, S4(CHaCOOH),, m.p. 113^ (A. 850 . 81). 

COOH 

7. Hydroxysulphlne Carboxylic Acids. — The free bodies — | 

CH,S(CH,),OH, 

are unstable. They split off water and yield cyclic sulphinates, which are con- 
stituted similarly to the cyclic ammonium compounds, and are called ihetines. 
This name, from the contraction of thio and betaine, is intended to express the 
analogy between their derivatives and betaine (B. 7 , 695; 25 , 2450; 20 , R. 

409) : 


CO — O 

Dtm<thyl Theline ; 


COO , 

betaine (p. 330). 


The thetines are feeble bases. Their hydrobromides are produced when 
methyl sulphide, ethyl sulphide, and sodium thiodiglycollate are brought into 
action with a-halogen fatty a cids — e.g. chloracetic acid and a<bromopropionic acid. 

Dimethyl Thetine, (CH,)2SCH,COO, is deliquescent. 

Methyl Ethyl Thetine, c;h:>«<^o*>co. contains an asymmetric sulphur 

atom, and is resolved into its two forms by means of its salts with camphor-sul- 
phonic acid and bromocamphor-sulphonic acid: d.-chloroplatinate, [a]® =+4*5® 
(C. 1900, II. 623). 


Dimethyl Thetine Dicarboxylic Acid, (H 0 . 0 C.CHj),S.CH,.C 06 , m.p. 157- 
158°. Diethylene Disulphide Thetine (C. 1899, II. 1105). Further compounds, 
B. 33 , 823. 

Selenetines, see B. 27 , K. 801. 

8. Sulphone Carboxylic Acids are produced by the action of alkyl sulphinates 
on esters of halogen fatty acids, and resemble the ketone carboxylic acids (y.v.). 
Ethyl Sulphone Acetic Acid, CjHgSOf.CHiCOjH. Ethyl Sulphone Propionic 
Acid, CaHgSOjj.CHjCHjCOaH (B. 21 , 89, 992). By oxidizing the sulphide, corre- 
sponding with the sulphoTK s with KMn04, there are obtained: Sulphone Diacetic 
Acid, OaS(CHaCOaH)2, m.p. 182®. orSulphone Dipropionic Acid, OaS[CH(CHj).- 
COallJa, m.p. 155° (B. 18 , 3241). Sulphone diacctic acid resembles acetoacetic 
ester in many respects. For mixed sulphone-di-fatty acids see B. 29 , 1141. 

9. a-Sulphocarboxylic Acids. The sulpho-acids of the fatty acids are pro- 
duced by methods similar to those employed with the alkyl sulphonic acids ; 

(1) By tlic action of sulphur trioxide on the fatty acids, or by acting with 
fuming sulphuric acid on the anhydrides, nitriles, or amides of the acids (J. pr. 
Ch. [2] 73 , 538 ; C. 1905. I. I ^09). 

(2) By heating concentrated aqueous solutions of the salts of the mono- 
substitutcd fatty acids with alkali sulphites. 

(3) By the addition of alkali sulphites to unsaturated acids (B. 18 , 4S3). 

(4) By oxidizing the thio-acids corresponding to the hydroxy-acids with nitric 
acid. 

(3) Upon oxidizing glycol sulphonic acids, e.g. isethionic acid, with mtric acid. 

These sulpho-acids are dibasic acids, corresponding with malonic acid in their 
chemical behaviour. They arc, however, more stable towards heat, alkalis, and 
acids. 

Sulpho-acetic Aeid, HOgS.CHaCOOH, is prepared by decomposing acetone 
trisulphonic acid by means of alkali ; methionic acid is formed at the same time 
(p. 210) (C. 1902, I. loi). Chlorosvdphonic Acetyl Chloride, ClOsS.CHjCOCl, 
b.p.jsQ 130-135°, is converted into thioglycollic acid by reduction. Ethyl 
Sulphonic Ethyl Acetic Ester, C4H8OJS.CH2COOC3H5, is obtained as an oil, 
volatile with partial decomposition. The hydrogen atoms in the CHj-group 
can be replaced by alkyl groups, comparable to the esters ahd amides of methionic 
acid (p. 210), to form acetoacetic ester (p. 410) and to malonic ester (B. 21 , 

1550)- 

Sulphodsobutyric Acid, HO,S.C(CH,),COOH, is formed by the interaction 
of isobutyryl chloride or anhydride and concentrated sulphuric acid. The 
barium salt ( + 3H ,0) is less easily soluble in hot water than in cold ; dimethyl cstagf 
m.p. 4®, b.p. 78-8^® ; dichloride, m.p. 10®, b.p. 55® (C. 1905, 1 . 1309). 
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NITROGEN DERIVATIVES OF THE HYDROXY-ACIDS 

The following classes of nitrogen compounds are derived from 
the a-hydroxy-acids : (i) Amides. (2) Imidohydrins. (3) Hydra- 
zides. (4) Azides. (5) Nitriles. (6) Nitro-acids. (7) Nitroso-acids. 
(8) Hydxoxylamino-acids. (9) Amidoxy-acids. (10) Amino-acids, 
(ii) Nitramino-acids. (12) Isonitramino-acids. (13a) Hydrazine 
acids. (136) Hydrazo-acids. (14) Azo-acids. 

The a-amino-acids and their derivatives are of especial interest 
from the physiological standpoint, as being decomposition products of 
the proteins. 

1. Hydroxyamldes. — The a-hydroxyamides are produced (i) by treating 

(a) alkyl esters and (b) cyclic double esters of the lactides with ammonia. 
(2) From the a- hydroxy nitriles by the absorption of water in the presence of 
a mineral acid, particularly sulphuric acid. They behave like the fatty acid 
amides. • 

Glycollamide, HOCH,CO.NH,, m.p. 120®, is obtained from polygly collide, 
or from acid ammonium tartronate when heated to 1 50®. It possesses a sweet 
taste. 

Lactamide, CHjCH(OH).CONH,. m.p. 74®. 

a-Hydroxycapyylamide, CH,(CH,),CH(OH)CONH,, m.p. 150® (A. 177 , 108). 
Diglycol lie acid yields two amides and a cyclic imide : 

Diglycollamic Acid, NHjCOCHjOCHjCOjH, m.p. 135®. 

Diglycollamide, 0 (CH,C 0 NH,),, breaks down when heated into ammonia and 

diglycollimide, m.p. 142®. It behaves like the imidcs of the 

dicarboxylic acids, e.g. succinimide {q.v.) and n-glutarimidc. 

The readily decomposable additive products, arising from ammonia and the 
y-lactones (A. 256 , 147), are regarded as being as v-hydroxy-acid amides. Yet 
they are said to have a constitution similar to aldehyde-ammonia (A. 259 , 143)- 
The additive product from ammonia and y-valerolactone may have one of the 
following formulae : 

CH,CHCH,CH,CONH, or CH,.CH.CH,.CH,C<qJ|‘. 

OH 0 ! 

The addition prod ucts of hydrazine a nd y-lactones behave similarly : 

ziney-Valerolactone,^.CH(CH^)CH^Clifi(OH), m.p. 62®, also en.sily dissociates 
into hydrazine and lactone (C. 1905, I. 1221). 

2. a-Hydroxy-imidohydrins. The tmido-ethers of the a-hydioxy-acids, whose 
salts arc prepared in the ordinary w^ay from nitriles by means of alcohols 
and HCl (p. 281), are hydrolyzed when in the free state by water, into the imido- 
hydrins. These are isomeric with the corresponding amides, although they 
appear to consist of n double molecule and behave as electrolytes in aqueous 
.solution (B. 30 , 998 ; 34 , 3142). 

GlycoHminohydrin, (hOCHjC^q^),, m.p. 160®; Lactimidohydrin, m.p. 

135® ; Hydroxyisobttlyl Imidohydrin, m.p. 173®. 

3. Hydrazides of the Hydroxy-acids : Glycol Hydvazide, HOCHaCO.NHNHg, 
m.p. 93®, has been prepared from benzoyl or oxalyl glycollic ester and hydra- 
zine hydrate (J. pr. Ch. [2], 51 , 3O5) 

4. Azides of the Hydroxy-acids: Glycol Azide, HOCHs-CONg, is formed when 
sodium nitrite acts on the hydrochloride of glycol hydrazide. It crystallizes 
from ether (J. pr. Ch. [2], 52 , 225). 

5. Kitariles of the Hydroxy-acids. 

The nitriles of the a-hydroxy-acids are the additive products 
obtained from hydrocyanic acid and the aldehydes, and ketones. 



NITROGEN DERIVATIVES OF THE HYDROXY-ACIDS 379 

The aldehydes yield nitriles of secondary hydroxy-acids. Formalde- 
hyde is an exception in this respect, for it gives rise to the nitrile of a 
primary hydroxy-acid, — glycollic acid. 

The ketones yield nitriles of tertiary hydroxy-acids, 

CH,CH: 0 -[-HNC=CH,CH<^^j^ Nitiile of lactic acid (p. 362). 

(CII,)2C:0-1-HNC = (CH8),C<q^ Nitrile of acetonic acid (p. 365). 

These nitriles of the a-hydroxy-acids have been called the cyan- 
hydrins of the aldehydes and ketones. They result by the reaction 
of the aldehyde and ketone bisulphite compounds (pp. 207, 225) with 
potassium cyanide (B. 38 , 214 ; 39 , 1224, 1856). 

Many of the anhydrous substances boil without decomposition, 
especially under reduced pressure ; but many break down upon the 
evaporation of their aqueous solution, and alkalis resolve them into 
their components. TKe nitriles of the a-hydroxy-acids, on the other 
hand, under the influence of mineral acids, e,g, hydrochloric acid and 
sulphuric acid, first take up one molecule of water and change to 
a-hydroxy-acid amides (see above), then a second molecule of water, 
.ind form the ammonium salts of the a-hydroxy-acids, which are imme- 
diately decomposed by mineral acids (p. 277). 

When heated with P2O5 they change into olefine carboxylic nitriles ; with 
PCI5 into clilorf)paraffin carboxylic nitriles (C. 1S98, II. 22, 662). Ammonia 
causes the formation ol water and amino-nitriles (p. 381). Cyanacetic ester 
and the a-hvdroxy-acid nitriles pioduce water and derivatives of oj 3 -dicyano- 
propionic acids, RaC(CN).CH(CN)C02C2H, (C. 1906, II. 1561). 

Aldehyde Cyanhydrins. 

GlvcoUic Aoid Nitrile [Ethanol Nitrile], HO.CHjCN, b.p. 183" with decomposi- 
tion. b.p.je 103° (J- pr. ('h. [2] 65 , 189). Acyl Glycollic Nitriles are prepared 
fiom cliloracetic nitrile with tlie sodium or potassium salts of the fatty acids 
(C. 1904, II. 1377). Formyl Gycollic Acid Nitrile, HCO2CH2CN, b.p. 173®, and 
Acetyl Glycollic Acid Nitrile, b.p. 180°, result also from glycol aldoxime and acetic 
anhydride, and aru decomposed by ammoniacal silver oxide into AgCN and 
formaldehyde (C. 1900, II. 313). Ethers of glycollic nitrile are prepared from 
chloromethyl alkyl ethers and silver, mercury, or copper cyanide; 

2CHa0CH2Cl+lIg(CN)2--2Cll30CIl2CN4-HgCl2. 

Methoxyacetonitrilc, b.p. 120° ; Ethoxy acetonitrile, b.p. 135® (C. 1907, I. 
400, 871). 

Ethylidcne Lactic Acid Nitrile, Aldehyde Cyanhydrin, CHjCH(OH)CN, 
b.j^.go 102° ; ethyl ether, Cll3CII(OC2H5)CN, b.p. 88®, is prepared from cyanogen 
chloride and ethyl ether ( 13 .' 28 , R. 15) ; acetyl ester, CH,CH(OCOCH3)CN, b.p. 
169° (R. 28 , R. 100) ; a-Iiydroxyisovaleric Acid Nitrile, (CH3),CH.CH(OH)CN, 
decomposes at 135”, a-IIydroxycaprylic Acid Nitrile, CEnanthol Hydrocyanide, 
CH3fCHa]5CII(OH)CN. 

Halogen Substitution Produets of the Aldehyde Cyanhydrins (A. 179, 73 ) : 

Chloral Cyanhydrin, CCl3CH(OH)CN, m.p. 61®, boils with decomposition at 
215-230®. Tribromolactic Acid Nitrile, CBr8CH(OH)CN. Both compounds 
can also be looked on as trihalides of orthotartronic acid nitriles. Trichloro^ 
valerolacHc Acid Nitrile, CHsCCl,CHCl.CH(OH)CN. m<>. 103®. 

Ketone Cyanhydrins : a-IIydroxyisdbutyric Acid Nitrile, Acetone Cyanhydrin, • 
(CHs)3C(OH)CN, m.p. — 19®, b.p. 33 82®, Methyl Ethyl Glycollic Acid Nitrile, 
(CaH5)(CH,).C(OH)CN, b.p.20 Diethyl Glycollic Acid Nitrile, (€3115)1.- 

C(OH)CN, b.p. 53 no®. p-Chloro~a-hydroxyisobulyric Acid Nitrile, ClCH^C(CH^y 
(OH)CN, m.p. 33 no®. Methyl tert. -Butyl Glycollic Acid Nitrile, (CH3)3CC(CH3).- 
(OH)CN, m.p. QA®, is prepared Iroiii pinacolino (A. 204 , 18 ; B. 14 , 1974 S 9 , 1858; 

C. 1906, II. 596*. 
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Nitriles 'ol the hydroxy-acids have beea prepared from the halogen glycol- 
hydrins (p. 319) by the action of potassium cyanide. Ethylene Cyanhydnn, 
p-Lactic Acid Nitrile, HOCH,CH,CN, b.p. 220®, is also obtained from ethylene 
oxide and hydrocyanic acid. p-Ethoxybutyronitrile, CHsCH(OC2H|)CHaCN, 
b.p. 173®, is prepared from allyl cyanide* and ethyl alcohol (B. 29 , 1425). y- 
Methoxybutyronitrile, CHaO[CH,],.CN, b.p. 173® (B. 32 , 948). 

€-Phenoxycapronitrile, C.HjOjCHJg.CN, m.p. 36®, from c-chlorocapronitrile 
and sodium phenolate (B. 38 , 178). 

The groups of substances, which are dealt with in the following sections, 
are closely connected with one another and with the hydroxy-carboxylic acids. 
When the alcoholic hydroxyl group of the latter is replaced by the groups 
—NO*, —NO, — NHOH, and — ^NHj, a whole series of nitro-, nitroso-, hydroxyl- 
amine- and amino-carboxylic acids arc produced. 

6. Nitro-fatty Acids. a-Nitro-fatty Acids are only known in the form of 
derivatives. When potassium nitrite acts on potassium chloracetate there 
IS first formed potassium nitro-acetic acid which decomposes into nitromethane 
and potassium bicarbonate (comp. p. 149} : 

KKO, H2O 

CHjClCOOK > NO,CHaCO,K ^ CHaNOj+KHCO,. 

• 

When silver nitrite and bromacetic ester react, the expected nitro-acetic ester 
is replaced by two peculiar bodies containing less water, which are derivatives 
of oxalic acid: oxalic ester nitrile oxide, CjHsOCO.ClNiO, m.p. in®, and bis- 
anhydro-nitro-acetic ester, (CaHjOCOCNOjg, b.p.,i 160®, which on reduction 
yields glycol, like a true nitro-acetic ester. Similarly, iodo-acetonitrile and 
silver nitrite do not yield nitro-acetonitrile, but a dimolccular body, deficient in 
water, cyanomethazonic acid, which perhaps should be considered as being 
isonitroso-nitro-succinic acid nitrile, NG.C(NOH).C(NOOH)CN (comp, mcthazonic 
acid, p. 339) (B. 34 , 870). 

The real nitro-acetic ester, NOj.CHj.COOCjHj, b.p.10 94 ^f is prepared from 
nitromalonic ester, NO,CH(COOC2H2)2 and KOH ; also from a-nitrodimethyl 
acrylic ester, (CHj)2C:C(NOa)COOC,Ilj, by the decomposing action of ammonia ; 
also, particularly easily, from acctoacetic ester by the action of concentrateil 
nitric acid and acetic anhydride, together with bis-anhydro-nitro-acetic ester 
(see above) (C. 1904, II. 640). Reduction changes it to hydroxylamino-acetic 
acid and glycocoll (C. 1901, II. 1259; comp. I. 881). Like other nitro-bodies, 
nitro-acctic acid forms salts (p. 149), MeOONiCHCOiCaH 5. When the ammonium 
salt is precipitated with mercuric chloride a very stable mercury nitro-acetic ester, 

is formed, which is soluble in alkalis and hydrochloric 

acid, and with bromine forms nitrodibromacetxc ester, NOaC^BrjCOaCjHj, b.p-n 
131-134® (B. 39 , 1956). Heating with ammonia at 100® converts it into nitro- 
acetamide, NOaCHaCONHa, m.p. 101-102®, with decomposition. This can also 
be formed by alkaline decomposition of nitro-malonamide. Its silver salt 
reacting with iodo-alkyls give 'O-ethers, such as CIIaOON:CllCONHa and 
CtHaOON:,CHCONHa, which decompose readily into aldehyde and isonitroso- 
acetamide, HON:CHCONHa. Nitrodibromacetamide, NOaCBraCONHa, and 
nitrobromacetjmide, NO,CHBrCONHa. m.p. 79® (C. 1906, 1. 910 : B. 37 , 4623). 
Nitro-acetomtrile, NOaCHaCN, b.p., 4 96®, is prepared from methazonic acid 
(nitro-acetaldoxime. p. 339) and thionyl chloride. With bromine it gives nitro- 
dibromacetonitrile, NOaCBrjCN, b.p. ,2 58®* which is a difierent body from 
dibromoglyoxime peroxide (p. 250) (B. 41 , 1044). 

Homologues of the a-nitro-fatty esters, such as a-nitroproptonic ester, CHaCH- 
(NOa)COaCaHa, b.p. 1 90-1 95® ; a-nitrobutyric ester, CaHaCH(NOa)COaCaH5, 
b.p.ao 123®, are obtained from the alkyl-nitro-malonic esters and sodium alcoholate 
(C. 1904, II. 1600). a-Nitro-isobutyric Acid, (CHa)aC:(NOa)COOH : nitrile, 
m p. 53®, is obtained by oxidation of nitroso-isobutyric nitrile (p. 381) with nitric 
acid ; amide, m.p. 118®. 

p-Nitro-faUy Acids : P^Nitroproptonic Acid, NO^CH^CHJCO^H, m.p. 66®, 
is prepared from / 5 -iodopropionic and silver nitrite; ethyl ester, b.p. 161-165®. 
p-Nitro-isovaleric Add, (CHa)aC(NOj).CHaCOaH, is obtained together vrilh 
dinitropropane, (CHa)aC(NO|)a, by the action of nitric acid on isovaleric acid 

(B« 16 a 2324). 
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7. Mltroso-fatty Aelds. From the examination of the nitroso-paraifins {p, 152) 
it is clear that the nitro-fatty acids, which contain the group — CHg.NO or 
=CH.NO, must undergo transformation into the isonitroso- or oximido-fatty 
acids, which will be considered later as derivatives of the aldehyde- and ketone- 
acids respectively (pp. 4x0, 416, 424). On the other hand, oxidation by chlorine of 
hydroxyl-amino-isobutyric acid nitrile (see below) yields the Nitrile of Niiroso^ 
isobutyric Acid, (CHa)tC(NO)COOH, m.p. 53®, to a blue liquid; amide, m.p. 
158® with decomposition ; ester, m.p. 89® ; amidine, (CHa),C(NO)C(NH)NH3, 
is converted by hydrocyanic acid, etc., into a series of peculiar bases (B. 84 , 
1863 ; 86, 1283). 

8. Hydroxylamlno-fatty Aelds. Their nitriles result from the combination 
of hydrocyanic acid with aldoximcs and ketoximes (pt 382) (B. 29 , 65). Hydroxyl- 
ammo-acetic Acid, HONH.CHgCOOH, m.p. 132®, is obtained from isonitramino- 
acctic acid (p. 397) and from nitro-acetic ester (see above), also from isobenzal- 
doxime acetic acid (Vol. II.) (B. 29 , 667). a-HydroxylaminobtUyrxc Acid, 
CHa.CHaCH(NHOH)COOH, decomposes at 166® ; nitrile, m.p. 86®, results from 
propionaldoxime and HNC (B. 26 , 1548). a-Hydroxylamino-isobtdyric Acid, 
(CH,)aC(NHOH)COOH, is prepared from isonitramino-isobutyric acid (p. 397) ; 
nitrile, m.p. 98®, is produced &om acetoxime and HNC ; further derivatives, see 
B. 34 , 1863. 

9. Amldoxyl-fatty Acids are isomeric with the hydroxylamino-fatty acids. 
Amidoxyl-acetic Acid, NHgOCHgCOOH, is obtained by the breaking down of 
ethyl benzhydroxime acetic acid, CgH5C(OC|Hg):NOCH2COOH. Homologies, 
see B. 29 , 2654. 


10. Amido- or Amino-fatty Acids. 

In the amino-acids the alcoholic hydroxyl of the dihydric acids is 
replaced by the amido-group NH2 : 


CHa.OH CHj.NH, 

CO.OH CO OH 

Glycollic Acid. Glycolatmno-acid. 


It is simpler to consider them as being amino-derivatives of the 
monobasic fatty acids, produced by the replacement of one hydrogen 
atom in the latter by the amido-group : 


CH3 

CO.OH 

Acetic Acid. 


CH,.NH, 

I 

CO.OH 

Aminoacetic Acid. 


Hence they are usually called amino- or amido-fatty acids.* 

The firm union of the amino-gw)up in them is a cha- 
racteristic difference between these compounds and their isomeric 
acid amides. Boiling alkalis do not eliminate it (similar to the 
amines). Several of these amino-acids occur already formed in plant 
and animal organisms, to which great physiological importance is 
attached. They can be obtained from proteins by heating the latter 
with hydrochloric acid, or alkalis, or by the action of ferments or 
bacteria. They have received the name alanines or glycocolls from 
their most important representatives. 

The general methods in use for preparing the amino-acids are : 

(i) The transposition of the monohalogen fa^ty acids when heated 
with ammonia (similar to the formation of the amines from the alky- 
logens, p. 157) : 

* Modem and stricter nomenclature reserves the term amtdo- lor the — CONH, 
group. — (T r.) 
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Thusvhloracetic acid yields : 

(CH.COOH (CHjCOOH 

n|h N{CH,C00H 

|h |h . 

Aminoacetic Acid. Iminodiacetic Acid. 


(CH.COOH 
nIcHoCOOH 
(CH.COOH 
Nitrilotriacetic Acid. 


(2) In the action of the halogen fatty acids on ammonia, phthal- 
imide may be employed to promote the reaction, where the halogen 
fatty-acid esters arc allowed to react with potassium phthalimide, 
after which the amino-acid is split off by hydrochloric acid at 200° C. : 


^rtiro cicH.cooc,H. CO.C.H. hci CO.C.H. 

:,h4 ^ ^^>NK ^ C.H I I 

n[ 2 ]CO CH,NH.HC1 


Potassium Phthalimide. 


Phthalyl Glycocoll Ester. 


(3) The reduction of nitro- and isonitroso-acids (p. 380) with 
nascent hydrogen from zinc and hydrochloric acid or aluminium 
amalgam in ether (C. 1904, II. 1709) : 

6H 

CH.NO.rOOC.H. ^ CII.NH/'OOH 

Nitroacetic Ester. Aminoacc tic Acid. 

4H 

(Cllj)aCHCH2C(N01I)C(>2Cjll5 (CHJj(:HrH^CH(NU2)COOH 

Isubutyl Isonitrosu-aceLic L& er. t Leiicmuv*' Aminuisocaproic Acid;. 

{4) RtMction of the cyano-fatty acids {q.v,) with nascent If (Zn 
and HCI, or by heating with HI), in the same manner that the amines 
are produced from the alkyl cyanides (p. 158) : 

CN.C 00 H+ 2 H 2 =CH.(NH.)C 0 .H 
Cyanofoimic Acid. Aminoacetic A< id. 

This reaction connects the amino-fatty acids witli the fatty acids 
containing an atom less of carbon, and also with the dicarboxylic acids 
of like carbon content, whose half nitriles are the cyano-fatty acids. 

(^a) The nitriles of the a-amino-acids are prepared by allowing a 
calculated quantity of ammonia, in alcoholic .sidution, to act on 
the hydrocyanic acid addition-products of the aldehydes and ketones, 
and then setting free the hydrochlorides of the a-amino-acids from 
these by means of hydrochloric acid (B. 13, 381 ; 14, 19(15) : 

HNC NH, HCI 

CH,rH(> — ^CH.CH<CN_^ai,('H<CN _ cu.t 

vM. JNrl. 

HNC NH, HCI 

(CH,),CO ^ (( ^ (C 

(56) Nitriles of a-amino-acids can also be syiulKdically obtained 
from the aldehj^de-ammonias by means of hydrocyanic acid; also 
from aldehydes by means of ammonium cyanide (B. 14, 2686) : 

Cn,CH<^Yl. ^ ^ llaCHO. 

Ketones also unite with ammunium cyanide to form nitriles of the a-amino- 
dialkyl acetic acids (B. 33 , igoo , 39 , iiBx). 

Aldehydes and ketones may, witli advantage, be allowed to act on a mixture 
„ of potassium cyanide and ammonium chloride (B. 39 , 1722). When potassium 
jtyaniac reacts with aldehydes in bisulphite solution (p. 380) and is followed by 



NITROGEN DERIVATIVES OF THE HYDROXY-ACIDS 383 


primary and secondary amines, then alkyl and dialkyl aminonitriles are formed 
(B. 88» 213). 

Hydrocyanic acid attaches itself similarly to the oximes (B. 2 B, 2070), to the 
hydrazones, and to the Schiff bases, with the production of nitriles of o-hydroxyl- 
amino acids, phenylhydrazino-acids and alkylamino-acids (B. 25 » 2020 ; C. 1904, 
n. 945 ). 

The methods (5a) and (56) are only suitable for the production of 
a-amino-fatty acids, whilst the other methods serve also for the pre- 
paration of j8-, y-, and 8-amino-fatty acids, which are also produced : 

(6) By the addition of ammonia to olefine monocarboxylic acids. 
(7a) By the oxidation of amino-ketones, e,g. diacetonamine (p. 230), 
and (yb) by the breaking down of the cyclic imines of glycols upon 
oxidation (see piperidine). 

Properties, — ^The amino-acids are crystalline bodies usually pos- 
sessing a sweet taste. They are readily soluble in water, but usually 
are insoluble in alcohol and ether. 

Constitution, — As the amino-acids contain both a carboxyl and an 
amino-group, they behave as both acids and bases. Since, however, 
the carboxyl and amino-groups mutually neutralize each other, the 
amino-acids show a neutral reaction, and it is very piobable that both 
groups combine to produce a cyclic ammonium salt : 

ch,ch<^^5ji -ch,.ch<^^^*>o. 


This is supported by the existence and mode of formation of trimethyl 
glycocoU or betaine, as well as of the homologous j8- and y-betaines 
(comp. pp. 386, 393) : 

I >0 I >0 I }o. 

CH. (O^ CH, CO^ (H, CH,-CO^ 


The formation of salts provides a method of separation of the two 
groups (B. 35 , 589). 

'L'be p^tcr 6 of the a-amino- carboxylic acids are of special importance, partly 
as providing Uie materials from which the diazo-ester (below) is produced, and 
partly because it is by their preparation that the mixture of a-amino-acids 
which results from the hydiolysis of proteins, can be separated and purified 
(B. 39 , 541). 

I'hf'se esters are best obtained as hydrochlorides by warming the acids with 
alcohols and hydrochloiic acid. The free ammo-esters are liquids which can be 
distilled under reduced pressure, possess the characteristics of amines, and 
are fairly easily hydrolyzed. Heat converts them into cyclic double amides 
(di-aci-piperazine) (p. 391). 

Reactions . — ^Thc ammo-acids form (i) metallic salts with metallic oxides and 
(2) ammonium salts with acids. 

In the presence of alkalis and alkali earths, carbon dioxide forms s alts o f 

carbamino'carhoxyhc acid, of which the Ba or Ca salt, icO.NH.CH.COOBa, 
is most suited for its scpai .ation on account of its low solubility (B 89 , 107 ; Ch. 
Z. 1907. 937). 


(3) The replacement of the carboxylic hydrogen by alcohol radicals 
produces esters, which are highly reactive. 

(4) Phosphorous chloride converts the amino-acids, suspended in 
acetyl chloride, into hydrochlorides of the highly reactive amino-acid 
chlorides [E. Fischer, B. 88, 2914) : 

NH,CH,COOH-f-rci,=HCl.NH,CH,COCl-l-POa,. 
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(5) The hydrogen of the amino-group can also be replaced l>y acid 
and alcohol radicals. The ocid-defivaHves are obtained by the action 
of acid chlorides on an alkaline solution of the acid, or in presence of 
bicarbonate, or on the ester in a neutral solvent : 

CH,<co,H +C,H,Oa=CH,<NH^-^«H»0 ^ jjCL 

Acetyl Amino-acetic Acid. 


Acyl groups can be substituted into the amino-acids by means of acid 
anhydrides and acid azides (J. pr. Ch. [2] 70 , 57) ; the formyl group merely by 
warming with absolute fornpe acid (B. 38 , 3997 )- Those acyl derivatives which 
serve most suitably for identifying the amino-acids arc the henxoyl-, benzene 
sidphonic-, and naphthalene sulphonic- compounds, such as CgH(.CO.NHCH|- 
COOH, CgHgSOj.NHCH.COOH, CioH,SO,.NHCHjCOOH. Another class of 
derivatives is the phenyl wreldo-acide^ such as CgHj.NHCONHCHjCOOH, pro- 
duced by phenyl cyanate (Vol. II.) in alkaline solution (B. 35 , 3779 ; 89 , 2359). 
The amino-group in the acyl amino-acids is “ neutralized ** by the acyl groups ; 
they are therefore stronger acids than the simple amino-acids, and many of them 
crystallize well. On the significance of acyl amino-acids to the structure of the 
di- and poly-peptides, see p. 391. 

(6) Separation of optical components from racemic* mixtures is brought about 
through the strychnine, brucine, morpMne, or cinchonine salts of the benzoyl- 
and formyl-amino acids. The resolution of racemic alanine, a-amiiio-butyric 
acid, a-amino-isovaleric acid, leucine, aspartic acid, and glutaminic acid, has 
been carried out in this manner (B. 82 , 2451 ; 33 , 2370 ; 38 , 3997). The resolu- 
tion of the racemic synthetic a-amino-acids is of importance because it completes 
the laboratory production of the natural a-amino-acids (from proteins), which 
are all optically active. The resolution can also be carried out by the aid of 
yeasts, which consume either the d-form only, or only the /-form (C. 1906, II. 501). 

(7) Amino-acids with alkyl groups attached to the nitrogen arc obtained fiom 
the monohalogen fatty acids or from hydroxy-acid nitriles by the action of 
amines (J. pr. Ch. [2] 65 , 188) : 


CHjClCOOH ^ 


.(CH,)3Nv 


NH(CH,)2„^ 


(8) Continued methylation causes the amino-group to leave the molecule, 
whereby unsaturated acids result. Thus, a-aminopropioni^ acid yields acrylic 
acid ; a-aminobutyric acid gives rise to crotonic acid (B. 21 , R. 8 b ) ; a-amino- 
n- valeric acid yields propylidene acetic acid (B. 26 , R. 937). 

(9) Hydriodic acid at 200® causes the exchange of the amino-group for 
hydrogen, whereby the acid is converted into a fatty acid (B. 24 , R. 900). 

(10) Boiling with alkalis does not affect the amino-arids, but fusion with 
potassium hydroxide causes decomposition into ammonia or amines and salts 
of fatty acids. 

(11) Dry distillation, especially in presence of barium oxide, decomposes 
the acids into amines and COg : 

CH,.CH<^” H , -1-CO,, 

’ Ethylamine. 

(12) Nitrous acid converts the amino-acids into hydro ry-acids I 

HNO,=CH,<°q^jj+N, I H, 0 . 

(13) The amino-ester hydrochlorides are changed by potassium nitrite into 
diazo-fatty esters (p. 403), the formation of which serves for the detection of small 
quantities of amino-ackJs (B. 17 , 959). In the presence of excess of hydrochloric 
acids, chloro-fatty acids are formed (C. 1901, I. 98). Similarly, nitrosyl bromide 
produces a-bromo-fatty acids. 

Ferric chloride produces a red coloration with all the amino-acids, which is 
destroyed by acids. 

ReducHon of amino-esters produces amino-aldehydes (B. 41 , 956) ; oxidation 
^th H9O,, see C. 1908, 1. 1x64. 
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One of the chief characteristics of the a-amino-fatty acids is that 
when they lose water they yield cyclic double acid amides correspond- 
ing with the cyclic double esters of the alpha-hydroxy-acids or lac- 
tides. 

0<^O.cS^>0 NH<^g*C^O>NH. 

Glycollide. Glycocoll Anhydride. 


The y- and 8-aniino-acids, and amino-acids possessing long chains, however, 
are capable of forming cyclic, simple acid amides, the lactams, correspondmg with 
the lactones, the cyclic, simple esters of the hydroxy* acids : 



Butyrolactone. 


4-Valtrolactone. 



y-Butyrolactam, 

Pyrrolidone. 


ch.<ch:cS>nh. 

j'Valerolactam, 
a Oxopipendine. 


a-Amino-fatty Acids. 

Glycocoll, Glycin, Amtno-acetic Acid [Amino-ethane Acid], 
COOH coo 

I or I I , m.p. 232-236®, is obtained by the general methods 

of picparaiion (pp. 381,382): (i) From monochloracetic acid and 
ammonia (di- and tnglycolamidic acids being formed at the same time) ; 
or bv warming monochloracetic acid with dry ammonium carbonate 
(B. 16 , 2827 ; 33, 70) ; (2) from phthalyl glycocoll ester (B. 22, 426) ; 
(3) by the reduction of mtro-acetic acid ; (4) of cyanoformic acid ; 

(5) by heating methylene amino-acetonitrile with hydrochloric acid, 
wlitn it changes to the hydrochloride of glycine ester (B. 29 , 762) ; 

(6) from methylene cyanhydrin, the product obtained by the union 
of formaldehyde and hydiocyanic acid. Ammonia converts it into 
glycocoll nitrile, which is converted into glycocoll by boiling barium 
hydroxide solution '(A. 278 , 229 ; J. pr. Ch. [2] 65 , 188) : 


CHjO 


HNC 


CN 


NH- 






^CH.< 


CO,H 
NH, • 


Glycocoll may be prepared by methods i, 2, 5 » ''•^d 6, or by the 
decomposition of hippuric acid (see below). A rather striking forma- 
tion of glycocoll is observed (7) by conducting cyanogen gas into boihng 
hydriodic acid : 

CN.CN-f2H,0-t-2H,=H00C.CH,NH,-|-NH, ; 

and, further, (8) by allowing ammonium cyanide and sulphuric acid to 
act on glyoxal, when the latter piobably at first yields tormaldehyde 
(B. 15 , 3087); (9) from glyoxylic acid (p. 388) by the action of 
ammonia, with the intermediate formation of formyl glycocoll (B. 85 , 
2438). 

Htstory and Oceurrenee. — Braconnot (1820) fi^ obtained glycocoll by decom- 
posing glue with boiling sulphuric acid It owes its name to this method of forma- 
uon and to its sweet taste : y\vKus, sweet, niWn, glue. 

VOL. I. ® C , 
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Dessaignes (1846) showed that glycocoll was formed as a decomposition 
product when hippuric acid was boiled with concentrated hydrochloric acid : 


COOH COOH 

I +H3|0+HC1»== 1 +C,Il5COOH. 

CH,NH.COC.Tl5 CHjNII^.HCl 

Hippuric Acid Glycocoll Benzoic Acid. 

Benzoyl Glycocoll. Hydrochloride. 

Strecker (1848) observed iliat glycocoll appeared from an analogous decompo- 
sition of the glycocholic acid occurring in bile (comp, taurine, p. 326) ; 


CHjNIIjs.HCl 

Glycocoll 

Hydrochloride. 


+C,Il5COOH. 

1 

Benzoic Acid. 


COOH 

I 

ch,nh,.c„h„04 

Glycocholic Acid. 


COOK 

+ iKOH =. I 

CHjNH, 

Potassium 

Amino>acetate. 


-|- C HjO. 


Pota'^'^ium 

Cholate. 


Since then, glycocoll has been found to constitute the break-down product 
of many other animal and vegetable proteins ; it is especially abundant in the 
fibroin of silk. 

Glycocoll was first (1858) prepared artificially by Perkin and Duppa, when 
they allowed ammonia to act on bromacetic acid. 


Properties , — Glycocoll crystallizes from ^Vciter in large, rhombic 
prisms, which are soluble in 4 parts of cold water. It is insoluble in 
alcohol and ether. It possesses a swectisli taste, and melts with de- 
composition. Heated with barium hydroxide it breaks up into methyl- 
amine and carbon dioxide ; nitrous acid converts it into gly collie 
acid. Ferric chloride imparts an intense red coloration to glycocoll 
solutions ; acids discharge this, but ammonia restores it. 


Metallic Salts. — An aqueous solution of glycocoll will dissolve many metallic 
oxides, forming salts. Of these, the copper salt, fC2H4N02)2Cu-f H2O, is very 
characteristic, and crystallizes in dark blue needles : silver salt, C2H4NOjAg, 
crystallizes on standing over sulphuric acid. The combinations of glycocoll 
with salts, e.g. CallsNOg-KNOg, CgUsNOg.AgNOa, are mostly crystalline. 

Ammomnm Salts. — Glycocoll yields the following compounds with hydro- 
chloric acid: CallsNOj.HCl and 2(C2H5N02).HC1. The first is obtained with 
an excess of hydrocbloi ic acid, and crystallizes in long prisms : nitrate, C2II5NO2- 
HNO*, forms larg'* prisin.s. 

Amlno-acetie Ethyl Ester, GlycocolHc Ester, NHJ.CH2COOC2H5, b.p. 149°, 
b.p.io IS an oil resembling cocoa in odour, which is easily soluble in ether, 
alcohol, and water. In aqueous solution, however, it changes into di-aci-pipera- 
zinc (p. 391), and in ether into tri-glycyl-glycine ester (p. 392). The ester is 
particularly suitable for the preparation of various derivatives of glycocoll (B. 34 , 
436). CAyiocolhc Ester Hydrochloride, HCl.Nll2.CIl2COOC,H5, m.p. 144®, is 
formed bv the passage of HCl gas into a mixture of alcohol and glycocoll, and 
can be employed as a method of e.stimation of glycocoll on account of its slight 
solubility m alcoholic hydrochloric acid (B. 39 , 548). It is also obtained from 
methylci\o-ammo-acetonitrile (see below), acnturic acid (p. 388) (B. 29 , 760), or 
from the reaction product of hexametliylamine and potassium chloroacetate 
(C. 1899, I. 183, 420), by the action of alcoholic hydrochloric acid, whereby the 
ester hydrochloride results. This is also formed by pourirg excess of alcohol on 
Glycyl Chloride Hydrochloride, HCl.NHjCH,COCl, which is prepared from pre- 
cipitated glycocoll and phosphorus pentachloride in acetyl chloride, as a crystal- 
line powder (B. 38 , 2914). 

Glycocollamidej Amino-acetamide, NHiCHfCONHg, is produced when 
glycocoll is heated with alcoholic ammonia to ibo®. It is a white mass which 
dissolves readily in w,it»'r, and reacts strongly alkaline. The HCl-salt results 
on heating chloracetic ester to 70® with alcoholic ammonia. 

Glycocoll Hy dr azide, NHjCHaCO.NHNHt, m.p. 80-85®, is obtained from 
glycocoll ester and hydrazine hydrate, as a hygroscopic crystalline mass ; hydro- 
chloride, C2H^Ng0.2HCl, m.p. 201® (J. pr, Ch. [2] 70 , 102). 

Glycocoll Nitrile, Amino-acetonitrile, NHjCHjCN, b.p.u 58®, is prepared from 
glycoll nitrile and alcoholic ammonia at o® ; hydrochloride, 165®; sulphaie, 
C,H4N,.H,S04. m.p. loi® (J. pr. Ch. [2] 66, 189; B. 36 , 151^). 
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Methylene Amino-acetonitrile, CH,=NCH,CN, m.p. 129®, with decomposition, 
is formed from formaldehyde, ammonium chloride, and potassium cyanide ; 
also from glycocoll nitrile and formaldehyde. It may consist of a double molecule. 
It is remarkable for its crystallization (J. pr. Ch. [2] 65 , 192 ; B. 80 , 1506). 

COOH COO 

Methyl Glyeoeoll, Sarcosine, I or | \ . m.p. 2x0-220* 

CHjNHCH, CHjNHjiCH, 

with decomposition, was first obtained by Liebig (1847) as a decomposition 
product of the creatine contained in beef extract. Its name is derived from 
adpL flesh. Volhard (1862) prepared it synthetically by the action of methyl- 
amine on monochloracetic acid ; and it is also tproduced when creatine or 
COjH NH, 

methyl glycocyamine, I | , or caffeine is heated with barium 

CHjN(CH8).C---NH 

hydroxide solution. It dissolves readily in water but with difficulty in alcohol. 
The nittile of sarcosine is obtained together with methylamine from methylene 
cyanhydriii, the additive product of formaldehyde and hydrocyanic acid (A. 279 , 
39 ; J- pr. Ch. [2] 65 , 188). When melted it decomposes into carbon dioxide 
and dimcthylaminc, yielding at the same time sarcosine anhydride (p. 39a). 
It forms salts with acids, which show an acid reaction. Ignited with soda-lime 
it evolves methylamine. "Sarcosine yields methyl hydantoxn with cyanogen 
chloride and creatine (q.v.) with cyanamide. Sarcosine Ethyl Ester, CHjNHCH2- 
COaCaHg, b-p.,# 43 ® (B. 34 , 452). 

Dimethyl Glycocoll, (CH3)2N('H2COOH, is prepared by the hydrolysis of its 
nitrile, dimcthylamino-acetonitrile , (CH8)aNCH2CN, b.p. 138°. This is formed by 
the action of dimethylamine on mcthylcne-ami no-acetonitrile (above) or on 
glycollie nitrile. Dimethylamino-acetic Methyl Ester, (CHglaNCHgCOOCHa, b.p. 
T ^5°, js obtained from the interaction of chloracetic acid and dimethylamine. 
It IS isomeric with betaine, into which it changes when heated. Betaine, on the 
other hand, when healed above its melting point (203°) i^ isomerized to a large 
extent into dim(*thyl amino-acetic methyl ester (B. 3 5 , 584) : 

(CH,),NCH,COOCH, (CH,),NCH,CO(!). 

COO 

Trimethyl Glyeoeoll, Betaine, Oxyneurine, Lycine, | \ , has already 

CH^NCCH,), 

been mentioned (p. 330) in connection with choline, from which it is prepared by 
oxidation. 

Us hydrochloride is preparerl by the union of monochloracetic acid with 
trimcthylaminc (B. 2 , ,167 ; 3 , 161 ; 35 , 603) : 

ClCH8COOH-fN(Cri3)3--ClN(CH3)3CIl3COOH. 

Similarly, chloroacetic ester and trimethylamine yield Betaine Ester Hydro- 
chloride, CIN (0113)301*1 J.CO3C2H5, m.p. 143® (B. 38 , iby). Betaine is also obtained 
by the mcthylatioii of glycocoll by means of methyl iodide, potassium hydroxide, 
and methyl alcohol. It occurs in beet-root (Beta vulgaris) (Schetbler, B. 2 , 292 ; 
3, 155). and is to be extracted from the '' melassc ^ of the beet-sugar factory, in 
which it is the substance which gives rise to the trimethylamine obtained there- 
from (p. 165). It al.so occurs in the leaves and stalks of Lycium barbavum, in 
cotton seeds, and in germ of malt and wheat (B. 26 , 2151). 

It crystallizes in deliquescent crystals in which t\\cacid, HON(CH,)3CU2COOH, 
may be present. At 100® this ammonium hyd roxide derivativ e loses one molecule 

of water, forming a cyclic ammonium salt, ON (CH 3)3011300, m.p. 293®, wi^ 
conversion into dimethyl amino-acetic methyl ester (see above). Iodine in 
potassium iodide precipitates a periodide from an aqueous solution of betaine 
(0. I 904 » n. 950). • 

The action of ethylamine, diethylamine and triethylaminc on chloracetic 
acid pro duces ethy l glycocoll, diethyl glycocoll, and triethyl glycocoll, triethyl betaine, 

(C3H,)3NCHaCOO. Similarly to betaine itself, the latter compound is converted 
by destructive distillation into diethylamine acetic ethyl ester, b.p. 177®, the iodo- 
ethyloxide of which is reconverted by silver oxide into triethyl betaine. Similar 
changes have been^bserved with dimethyl ethyl betaines and methyl diethyl betaine 
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(B. 85 , 584). The homologous hetatms can also be prepared by the addition ol 
lodo-alkyls to dialkylaminc acetonitriles and the subsequent saponification of 
the iodo-alkylate formed. The dialkylamino-acetonitriles just referred to can be 
synthesized from formaldehyde, hydrocyanic acid, and dialky lamines (B. 86, 
4188). » 

CH,I I 1 

(CaHB).NCn*CN — > (C2H5),N(CH,)CH,COO. 

Formyl Glycocoll, Formamme Acetic Acid, HCONH CH^COOH. m,p. 151- 
152°, isprepaicd by ht'atmfj glycocoll with formic acid to 100°; and from glyoxylic 
acid and ammonia (B. 86, 2325 ; 38 , 3999). 

2CHO.COOH+NH,-=HCO.NII.CH,COOH j C 0 a+H, 0 . 

Glvoxylic Acid. Formyl Glycine. 

Aoetyl QXnoooW, A cetamine A cetu Acid, Acetunc /li /f/, ( If^CONH.CHjCOOH, 
m.p. 206°, iLSuU-^ trom the action ol acetyl chloride on silver glycoroll ; from 
acetamide and monochloi acetic acid , from ammonia and a mixtuieof glyoxylic 
and pyroraccmic acids (B. 36 , 252b). It is readily soluble in water and alcohol, 
and behaves like a monobasic acid (B. 17 , 1664). 

More important are hippuvic acid or benzoyl glycocoll [q v.) and glvcocholic 
acid (q.v.) which have alieady been referred to in connection with glycocoll, and 
which will be dealt with later. They are similarly constituted to accturic acid. 
Naphthalene Sitlphoglycine, C,oHySO,NH.CHjCOOH, m.p. 156° (B. 35 , 3779). 

Iminodiacetic acid and nitrilotriacetic acid bear the same relation to glycocoll 
that di- and tnhydroxy-cthylamine sustain to hydroxy-cthylamine : 

NHgCHjCOaH NHCCHj.CO.H)* N(CiIa.COaH)3 

NHaCHaCH.OH NHCCH.CHaOH), N(CHaCHaOH 
These compounds are formed on boiling monochloracetic acid with conccn> 
(rated aqueous ammonia (A. 122 , 269 ; 145 , 49 ; 149 , 88). 

Iminodiacetic Acid, NH(CHjC02H)j, m.p. 225®, forms salts both with acids 
and bases, whilst NUrilotnacetic Acid, N(CHaCOjH)3. cannot unite with acids. 

Imino-acetonitrile, NH(CHjCN)2, m.p. 75®, and Nitrilo-acetomtnle, N(CHjCN)a, 
m.p. 126®, are obtained from methylene cyanhydrin and ammonia (A. 278 , 229 ; 
279 , 39). Dimethyl Dicyano-methyl Ammonium Bromide, (CH8)3NI3r(CH,CN)j, 
is prepared from dimethylamino-acetoniinle and bromacetonitrile (B. 41 , 2123). 

Alanine , a-Aminopropionic Acid, CH3CH(NH2)C02H, or CH3CH- 

(NH3)C00, cn.p 293° with decomposition on being rapidly heated, 
is derived from a-chloro- and a-bromo-propionic acid by means of 
ammonia ; also from aldehyde-ammonia, hydrocyanic acid, and hydro- 
chloric acid ; or aldehyde, ammonium cyanide, and hydrochloric acid 
(B. 41 , 20O1), by hydrolysis of the intermediate a-amino-propioni- 
trile, CIl3CH(NH2)CN. This can be precipitated as sulphate from an 
alcoholic solution of aldehyde-ammonia and hydrocyanic acid by 
sulphuric acid, and may be resolved into its optically active components 
by formation of the tarirates (p. 384) (C. 1904, 1 . 360). 

Synthetic alanine, of which the name refers to its connection with aldehyde- 
ammonia, is the racemic or [d }-/] form of a-amino-propionic acid. It crystallizes 
from water in aggregates of hard needles ; it is soluble in 3 parts of water, less 
easily in alcohol, and not at all in ether. On being quickly heated, it melts 
with partial decomposition, partially into ethylamine and CO„ and partially 
into aldehyde, CO, and ammonia (B. 25 , 3502 ; 82 , 245). Alanine Ethyl Ester, 
CH8CH(NH2)COOC2Hg, bpj^ 48®; hydrochloride is easily soluble in alcohol, 
contrary to glycine cfcter hydrochloride (B. 34 , 442). Alanine Chloride Hydro- 
chloride, CH 8 CH(NH,CI)C 0 CI, is a white crystalline powder (B. 38 , 29x7). 
^^Naphthalene Sulpho-alamnp, C,oH8SO,.NHCH(CH,)COOH, m.p. 152* 
Benzoyl^ Alanine, C8H5CO.NlTCH(CH8)COOH, m.p. 165®, is resolved by means 
of brucine into the components [d- and /]- benzoyl alanine, which, on hvdrolvsis 
yield /- and d-alanine. 

d-Alanin also occurs as^ a product of hydrolytic decomposition of many 
proteins ; from fibroin of silk it is obtained by means of its ester. It forms 
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rhombic crystals, which decompose at 297® In aqueous solution its rotatory 
power IS small, [a]J?==+2 7® » m hydrochloric acid solution it is much greater. 
[o]?= + io‘4' (B 89 , 462 , 40 , ^721) 

Nitrous acid converts d*alanine into the ordinary d-lactic acid (p 364) ; on 
the other hand, mtrosyl bromide (p 384) changes d-alanine into />bromopro- 
pionic acid, which with ammonia yields /-alanine This, with mtrosyl bromide, 
gives d-bromopropionic acid, which ammonia converts into d-alamne (Walden*s 
inversion, p 364 , B 40 , 3704) d- Alanine is also obtained by the reduction, 
with sodium amalgam, of / d-chloralamne, ClHaCH(NH2)COOH The ester 
of this acid is obtained from /-senne ester ^-hydroxy-a-aminopropionic ester) 
and PCI 5 , since /-serine can be converted into a-glycci<c acid and this into /-tartanc 

COOH 

acid, the formula of d-alanme must be NH* — C — CH* (B 40 , 3717) (see also 


th« considerations on the configuration of the carbohydrates) 

lodomelhane and sodium hydroxide solution convert d-alanme into l-Tnmethyl 
Proptomc Betatne (CH*)aNCH(CH,)COO, which also results from the interaction 
of d-a-bromopropionic acid and tnmcthylamine (B 40 , 5000) 2 rxeihyl Proptomc 
Betaine is formed by hydrolysis of the todo ethylate of Dtethylaminoproptonttnle, 
(C2H5)2NCH(C HalCN, bp*, 81®, the reaction product of lactic acid nitnle and 
diethylamine (B 36 , 4188) 

CH CH 

Imtnodtproptomc Acid, HOCO>CH-NH-CH<^"»^j. contains two 

asymmetric carbon atoms, giving rise to two optically inactive forms, m p 255®, 
corresponding with mesotartanc acid, and m p 235®, corresponding with racexmc 
acid The monamtdes m ps 332® and 210®, are formed by the prolonged inter- 
action of dilute hydrocyanic acid and aldehyde-ammonia at ordinary tempera- 
tures, together with tmtnodtproptommtde, NH[CH(CH3)CO]2NH, mp 186®, 
alanine, and other substances (B 39 , 3042) 

Higher homologues of a-amino-acids are prepared mainly by the general 
methods (t) fiom a-halogen-fatty acids and (5) from the nitriles of a-hydroxy- 
acids and ammonia • 

a- 4 mtno n butyric Acid, CH3CN2CH(NH2)COOH, m p 307® with decomposi- 
tion, is resolved by means of the morphme salt of the 6^naroy/-dciivative, d-acid 
fal“ 1 8° I acid —7 9° , tthyl ester, b p „ Oi® (B 33 , 2387 , 34 , 443) ; 

nitrile (B 41 , 2062) a-Amino-isobutync Acid, (CH3)2C(NH2)COaH, sublimes at 
280® without m< It mg, and is formed also by oxidation of diacetonamine sulphate , 
nitrile b p ja 50°. is .prepared from acetone and ammonium cyanide (B 33 , 
1900, 39 , iiSi 1726) a Amino-valenc Acid, C Hs[CH3]2CH(NH2)COOH, is 

formed also by oxidation of ben7oyl comine (B 19 , 500) , ethyl ester, bp, 68® 
(B 35 , 1004) « 

a~Amtno isovaleric Acid, Valine, Butalanine, (CH3)aC HCH(NH2)COOH, 
decomposes 29S® The inactive acid results from a bromisovaleiic acid and 
ammonia, ethyl ester, bp* 63® Formyl Valine, HCONHCH(C3H2)COOH, 
m p 140-145®, is produced by heating valine and formic acid togcthei It is 
resolved by means of its brucine salts, the /- and </-formyl valme, yielding UV aline 
and d-V aline The latter, mp 315®, [a 3 ?= -i-6 42®, m aqueous solution and 
-h28 8® in hydrochloric acid, is a decomposition product of protein bodies 
— m the germs of the lupin, ftoin, casein, from protamines and from the pancreas 
of oxen /-Valme has a much sweeter taste than d- valme (B 39 , 2320) <» Amino 

Methyl Ethyl Acetic Acid, (C2H6)(CHa)C(NH,)COOH. is prepared from methyl 
ethyl ketone, etc , ethyl ester, b p 20 66® (B 35 , 400 , 39 , 1189) 

a-Aminocaprolo Adds. a-Ammo-n-caprotc Acid, CH3[CH2]3CH(NHa)COOH, 
IS prepared fiom a-bromo-n-caproic acid and ammonia* It is resolved mto 
its optical component by means of its bensoyl-denvoitive (B 33 , 2381 , 34 , 3764)- 

a-Axnino-isocaproio Acids. Leucine. — (CH8)2CHCH2CH(NH2)COOH, 
optically active leuane. Leucine (fiom A-euxos, glistening white, 
referring to the appearance of the scaly crystals) occurs in different 
anixnal fluids, iif the pancreas, m the spleen, in the lymph-glands, and 
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is physiologically very important. It is formed by the decay of pro- 
teins, or when they are boiled with alkalis and acids. It is prepared 
by heating horn, the dried cervical ligament of oxen, or from casein 
with dilute sulphuric acid. Its purification is best effected byconver- 
sion into the ester (B. 34 , 446; C. 1908, I. 1633). Leucine is also 
obtained from vegetable proteins such as that of llie lupin. Strecker 
(1848) showed tliat when it was treated with nitrous acid it passed into 
a hydroxycaproic acid, leucic acid, m.p. 73®, p. 306. 

The naturally occurring leucine, m.i>. 270°, sublim(“^ unaltered when carefully 
heated, but decomposes on rapid rise of temperature into umylamine and COj. 
It forms shining 1 ( allcts, which feel greasy to the touch. It is soluble in 48 parts 
of water and 800 parts of hot alcohol. It is optically active, th.^free acid rotating 
the plane of polarization to the w'hilst its Ay rotates it to the vi^hi. 
When heated wilh alkalis it becomes inactive and is then identical wuth that 


synthesized from isovaleraldehyde, ammonium cyanide, and hydrochloric acid ; 
or by decomposing the condensation product of isobutyraldehyde and hippuric 
acid (A. 316 , 145) : 


NH4NC /NH, r 

(CHa),CHCH,CHO — - (CHalaCHCH.CHcf * 

x;ooH 


(CH3),chch 


The resolution of the x^c.-henzoyl leucine, (CH3)2CH('ll2('ll(NllCOCaH5)C‘OOH, 
by means of cinchonine produces benzoyl d-lencine (la'N’o-iotatory) and benzoyl 
I 4 eucine (dextro-rotatory), irom which hydrolysis liberates d-leucine (dextro- 
rotatory), and l-leucine (leevo-rotatory) identical with tlie naturally occurring 
substance. It is more convenient to resolve by means of \d-\-I\-foYinyl leucine, 
HCO.NHCH(C4Hj).COOH (B. 38 , 3997). cf-Leucine is also obtainable from 
/-leucine by Pcnicillium glaucum : its hydrochloiido is la'vu-rotatory ( 13 . 24 , 
669 ; 26 , 56 ; 33 , 2370). Leucine Ethyl Ester, b.p. io(>“. Acetyl Leucine, m.p. 160® 
(B. 34 , 433). Leucine Chloride Hydrochloride, C4H9(TI(NH3C1)C OCl (B. 38,613). 

a-Amino-sec.-butyl Acetic Acid, Isoleucine, II(NH,)COOH, con- 

tains 2 asymmetric carbon atoms, and therefore gives rise to 4 optically active 
components and 2 racemic forms. A d-isoleucine , m.p. 280®, with decomposition, 
[a]5?— -f9'7 in water, -t-36-8 in hydrochloric acid, occurs together with leucine 
in beet-root melasse, and as a decomposition product of proteins. Synthetically, 
rac.-isoleucine is produced by reduction of a-hydroximino-isobutyl acetic acid 
(p. 410), and from a-bromo-sec.-butyl acetic acid and amiponia. i-lsoleucinc is 
prepared from f/- valeric aldehyde by the cyanhvdrin synthesis (B. 40 , 2538 ; 41 , 

1453)- 

a-Amino-ananthic Acid, CH8[CHa]4CH(NH2)COaH (B. 8, 1168). a-Amino 
caprylic Acid, CH8[CH2]5CH(NH2)C02H (A. 176 , 344). a~Aminopalmttic Acid, 
CH,[CH2],aCH(NH,)C02H (B. 24 , 041). a-Amm'ostearic Acid, ClIaCCIIaliBCH- 
(NHj).C 02 H, m.p. 221® (B. 24 , 2395). 


^ DIPEPTIDES AND POLYPEPTIDES 

As has repeatedly been mentioned, the simple a-amino-acids, such 
as glycocoll, alanine, valine, and leucine, occur together, and also with 
such complicated substances as serine, prolinc, cystine, asparagine, 
lysine, arginine, histidine, and t5T0sine, as products of the hydrolytic 
decomposition of proteins. It is probable that these breakdown 
bodies are united with one another in the protein molecule through their 
amide groups. 

This question has been attacked both synthetically and analytically 
(£. Fischer : Untersuchung iiber Amino-sauren, Polypeptide und Pro- 
teine, Berlin, 1906 ; Th, Curtius : Verkettung von Amino-sauren) (J. 
pr. Ch. [2] 70 f 57). In synthesis, the esters, chlorid^, and azides of 
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the aminocarboxylic acids themselves or of the substances which go 
to produce them, have been employed ; and by their means the 
aminacyl residue has been substituted into the amino-group of other 
amino a^.'.ids, and the process has been successively repeated. The 
aminacyi aminocarboxylic acids produced have been named by £. 
Fischer, peptides because of their comparability with the natural pep- 
tones (protein products of digestion). They arc classified according to 
the number of the connected amino-acids — di-, tri-, tetra-peptides, etc. 

I. Dipeptides and their inner anhydrides, cyclic double amides, ay- 
Dioxopiperazines, a-Amino-rsters, when hoaxed or even on standing 
in aqu('ous solution, part with alcohol and form dimolccular cyclic 
amides, corresponding with the lactides (p. 385) : 


2NII,CH,C00C,H, =NH<^y2Ic^>NII -l-2CsH,OH. 

Tlie fundamental substance, to which such compounds can be 
referred as b(‘ing oxygen substitution products, is diethylene diamine 
or l^bpcrazine (p. whence the names ay-diketo-, diaci-, or dioxo- 
piperazine : 

y 5 

DiRlyroIIidc. ay-Dioxopiperazme Piperazine. 

When wnimcd for a short time \vith hydrochloric or hydrobromic acid, or 
wht 11 shaken with diJnte alkalis, the dioxopipera/ine is split \ip into the dipeptide, 
whi h 1 ’ ..d, or when its Lotcr is healed, easily changes into the dioxo- 

pip laziiic ; 

rilov . ,, HOrO— CTl,v xMj 

ay-Dioxopipcrazine. GIvivl Glyrino 

(the siii!pl('«L ilii« ptidc). 


Unsvmmetric ally substituted dioxopipeiazmes, such as Icucyl glycine 
anliydiuh', can be split into two dillertnt dipiptides, from which the same 
anhydride can be rcfoimcd. 


2. Dipeptides and polypeptides are obtained in the following 
manner : — (a) Chlorides of the a-halogen fatty acids react with 
a amino-acids to form a halogen acylamino acids, which with am- 
monia give dipt^ptides. Tlu'se by further treatmtmt with a-halogcn 
acyl chlorides and ammonia yield tripeptides, and these tetrapeptides, 
pentapeptides, and so on : 

NH3 

ClCHst'O.NIlCIJaCOOH > NH,CH*CO.NHCHjCOOH > 

Cbloracetyl Glycine. Glycyl Glycine. 


ClCIIaCO.NHCH.CO.NHCHaCOOH 


NH, 


Cbloracetyl Glycyl Glycine. 

NH.CHjCO.NHCPIoCO.NHCHaCOOH. 
Diglycyl Glycine. 

The esters of the halogen acylamino-acids are easily converted by ammonia 
into dipeptide anhydrides, dioxopiperazines (sec above). 

(6) Again, the halogcn-acyl-amino acids can be converted into their chlorides, 
united with other amino-acids and then be acted on by ammonia : 
C4H,CHBrCO.NHCJIaCOCl • 

Bronusocaproyl Glycine Chloride. 

NH3 

C4H3CHBrCO NIICHgCO.NHCHjCOOH >- 

Bromisocapioyl Glycyl Glycine. 

C4H,CH(NHa)CO.NHCH,COOH- 

Leucvl Glycyl Glycine. 
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{c) Finally, the chlorides of the amino'carboxylic acid hydrochlorides can be 
employed with advantage (p. 383). The azides, also, of the acyl amino-acids 
such as hippuryl azide, C,H5.CONHCHjCON3, unite with amino-acids, splitting 
off N9H, and easily forming acyl derivatives of the di- and polypeptides. 

3. Higher polypeptides result from heating the methyl esters of lower peptides : 


2NH3CH3CO.NHCHJCO.NHCH3CO3CH3 >• 

Diglycyl Glycine Ester. 

NH jCH ,CO. [NHCH ,CO] 4NHCH 3CO.CH 

Pentaglycyl Glycine Ester. 


4. Analytically, some di- and polypeptides have been produced by the partial 
hydrolysis of proteins, such"as silk ffbrom, elastin, gliadiiie, gelatin, by means of 
cold fuming hydrochloric acid ; or by tryptic digestion, as, for instance, glycyl 
alanine, alanyl leucine, alanyl diglycyl tyrosine (?) (B. 40 , 3544 )' 

Properties. — Di- and polypeptides are mostly soluble in water ; less soluble 
are, for instance, the penta- and bexa-peptides of glycocoll, which are, however, 
soluble in acids and alkalis, showing that the amino-acid character is preserved. 
The peptides are mostly insoluble in alcohol. They decompose, with or without 
melting, above 200®, the dipeptides forming mostly dioxo-piperazine. 

The ** biuret reaction — a red or violet coloration with an alkaline solution 
of copper sulphate — which is characteristic for the njiturally occurring proteins, 
is given by many of the higher artificial peptid#*s, such as Curtius' biuret base 
(triglycyl glycine ester). 

The behaviour of di- and poly-peptides with pancreatic juice is of importance, 
since some are hydrolyzed by it and some are not, e.g. [a? -f/] -alanyl glycine is 
split up, yielding £f-alanine and glycine, whilst glycyl alanine is not. All peptides 
are completely hydrolyzed by hydrochloric acid. 

Glycyl Glycine, NHjCHjCO.NHCHgCOOH, decomposes 215-220® ; ethyl 
ester, m p. 89®, easily parts with alcohol, yielding 

Gly cine Anhydride, Digl ycolyl Diamide, ay-Dioxopiperoxine. ay-Diadpipera^ 


tine. NHCH3CO.NHCH2CO, m.p. 275®, is also easily prepared from glycocoll 
ester in aqueous solution. By boiling for a short time with strong hydro- 
chloric acid or by shaking with sodium hydroxide, it is ca.si ly split up int o 

glycyl glycine (B. 88, C07). Sarcosine Anhydride. CH8lljCH2CON(CH3)CH2Cc!), 
m.p. 1 50®, b.p. 350®, is obtained by heating sarcosine (B. 17 , 286). 

Glycyl [d^l]- Alanine, NlIaCH2CO.NHCH(CH3)COOH, m.p. 227® with decom- 
position, is prepared from chloracetyl alanine and ammonia ; anhydride, m.p. 
245® with decomposition, is formed from chloracetyl alanine ester and ammonia. 

Glycyl d~ Alanine and its anhydride are obtained by the hydrolysis of silk 
fibroin (B. 40 , 3546). d- Alanyl Glycine, CH3CH(NH,)CO.NHCHjCOOH, m.p. 
235® with decomposition, is produced from ^-alanyl chloride hydrochloride and 
glycocoll ester (B. 38 , 2QI4). 

Alanyl Alanine, CH3CH(NH,)CO.NHCH(CH3)COOH, m.p. 276® with decom- 
position, is obtained by the decomposition by alkali of its anhydride. Di-lactyl 

Di-amide, Lactimide. m.p. 275®. The anhydride is best 

obtained from alanine ester at 180®. It is reduced by sodium and alcohol to 
) 38 -dimethyl piperazine (B. 38 , 2376; C. IQ02, J. 631). I- Alanyl dr Alanine is 
produced from /-bromopropionyl d-alanine and ammonia, [a]J®= — 68*5® ; its 
ester on parting with alcohol is converted into the optically inactive meso-anhydride 
(see Introduction, p. 32). 

orArninohutyryl a-Aminobutyric Acid, NHtCH{C^H,)C 0 . 1 ^HCH(CtHj)C 00 H, 
2 stereoisomeric forms, m.p. 273® with decomposition, and m.p. 257® with decom- 
position, is prepared from bromobutyryl aminobutyric acid : anhydride, m.p. 
267® (A. 840 , 187). 

Leucyl Leucine, NHaCH(C4H9)CONHCH(C^H9)COOH, m.p. 270® with decom- 
position, is formed from biomisocaproyl leueme and ammonia ; anhydride leu- 
cinimide, m.p. 271®, is prepared from leucine ester (B. 87 , 2491). 

Diglycyl Glycine, NHjCHaCO.NHCHsCO.NHCH.COOH, m.p. 246® with 
decomposition, is prepared from chloracetyl glycyl glycine and ammonia ; methyl 
ester, m.p. iii®, when heated parses into pentaglycyl glycine ester, slightly soluble 
in water (B. 89 472). , 
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Triglycyl Glycine is prepared from chloracetyl diglycyl glycine; ester » 
NHjCHaCO.NHCH,CO.NHCH,CO.NHCH,COOCaHg, the "biuret base," is 
formed together with a little glycine anhydride, when glycocoll is left to stand in 
solution in absolute ether. Benzoyl Triglycyl Glycine, m.p. 217^, is formed also 
from hippuryl glycine azide and glycyl glycine (B. 87, 1284 ; 2486). 

Leucyl Pentaglycyl Glycine, CgHaCHCNHajCOLNHCHaCOJgNHCH.COOH, is 
prepared from bromisocaproyl pentaglycyl glycine and ammonia (B. 39 , 
461). 


JS-AMINOCARBOXYLIC ACIDS 

f 

Of this group of substances little is known. They form neither cyclic double 
amides, as do the a-amino-acids, nor cyclic simple amides or lactams like the 
higher amino-acids, except betaine. 

fi-Aminopropionic Add, Alanine, CHa(NHa)CHa.COOH, m.p. 196^ with 
decomposition into ammonia and acrylic acid. It is isomeric with alanine 
(p. 388), and is prepared from 8-iodopropionic acid and ammonia, from )3-nitro- 
propionic acid, from isoserine (a-hydroxy- /8-aminopropionic acid) by reduction 
with hydriodic acid and phosphorus (B. 85, 3796) ; but most conveniently from 
CHg.COv 

succimide, I yNH, by the Hofmann inversion (p. 159) by means of bromine 

CHg.CO^ 

and alkali (B. 26, R. 96 ; C. 1905, I. 155 ; 1906. I. 818) ; methyl ester, b.p.n 
58® ; amide, m.p. 40® ; ^’■Dimethylamine Propionic Methyl Ester, (CHglgNCHg- 
CHgCOOCHa, b p. 154®, is prepared from jS-iodopropionic ester and dimethyl- 
amine. Heat partially transforms it into its isomer p-Trimethyl Proptobeiaine, 

(CHglaNCIIjCHaCOO, which in its turn undergoes transformation on melting 
into trimcthylamino aciylate, ('H2:CHCOONH(CH3)3 (B. 85, 584). 

P-Aminobutyric Acid, "CHaCl^NHglCHjCOjH, m.p. 156® (approx.), is prepared 
by heating crotonic acid with ammonia. It is a very hygroscopic crystalline 
mass (J. pr. Ch. [2] 70, 204). p-Amino-tsovaleric Acid, (CH8yaC(NH2)CH,COOH, 
is produced by the reduction of the corresponding nitro-acid (p. 382). 


y-, and ^-Aminocarboxylic Acids. 

The most important characteristic of the y- and 8-amino-carboxylic 
acids as well as of some of the higher acids is that when heated they 
part with water and yield cyclic, simple acid amides or lactams (p. 395). 

(1) Piperidine derivatives, when oxidized, have yielded some of these acids 
(Schotten). (2) Potassium phthalimide affords a general synthetic method: 
ethylene bromide or trimolhylene bromide, acted on by it, changes to co-brom- 
ethyl phthalimide and cu-brompropyl phthalimide (Gabriel), These bodies, as 
is known, have also been utilized in the prgiaration of hydroxalkylamines (p. 328). 
In order to get y- and 8-amino-carboxylic acids by their aid they arc caused to 
react with sodium malonic ester and sodium alkyl malonic ester. The conden- 
sation product resulting in this manner is decomposed on heating it with hydro- 
chloric acid, into phthalic acid, y-, or 8-amino-carboxylic hydrochloride, carbon 
dioxide and alcohol (B. 24, 2450) : 

<r'«4BcO>NCH.CH.Br 
I M-Bromethyl Phthalimide. 

V»”*{[2]C0>N[CHJ,CH(C0,C,H.), 

^•***{wco|h+nh,[chj.co,h 

y-Aminobutyric Acid. 

Similarly, €-bromo-amyl phthalimide can be made to yield c-phthalimido- 
amyl malonic ester, and this converted into {-aminoheptylic acid (B. 85, 1367). 


9«“*{ScO>NCH,CH,CH,Br 
I w-Brompropyl Phtbalimide. 
C,H,{WCg>NCCHJ,CH(CO,C,H,), 

S-Aminovaleric Acid. 
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Or, bez\zoyl amino-amyl iodide (p. 365) may easily be made to react with potassium 
cyanide or sodium malonic ester, the product from which is hydrolyzed. 

(3) A general method for the preparation of S-, and {[-amino-acids and their 
lactams, is the transformation of the oximes of cyclic ketones, such as penta-, 
hexa-, and hepta- methylene ketoximes (Vol. II.). These are converted by con- 
centrated sulphuric acid into isoximes or lactams (comp. Beckmann* s inversion, 
p. 227) which can be decomposed into their respective amino-acids iWallach, 
A. 312 , 171 ): 


CHa.CHav 

I X'NOH 

CHj.CHa.CiNOH 

I I 

CHa.CH,.CH, 

CHa.CHa.CHav 

I >C:N01I 

CHa.CHj.CH,/ 


CHj.CHa.NH 

I I ; 

CTIa.CHa.CO 

CHa.CHa.dla. 

I >NH 

CHa.ClIj.CO / 
CHa.CHj.CHj.NH 

CHa.CHa.CHg.CO 


For considerations on the course of these transformations and on the Becftmann 
inversion generally, see A. 846 , 27. * 

y-Amlnobutyric Acid, Piperidic Acid, m.p. 183-184®. It is formed (i) when 

piperidyl urethane, CH,<^2‘^^*>N.CO,C,H„ is oxidized with nitric acid 

(B. 16 , 644) ; (2) by means of potassium phthalimide ; cither — (a) by the double 
decomposition of bromcthyl phthalimide with sorliimi malonic ester (see above), 
or (6) from a>-bromopropyl phthalimide and potassium cyanide, and decomposing 
the phthalyl y-aminobutyric nitrile (B. 23 , 1772). The acid is most conveniently 
obtained from its lactam (p. 395) by means of barium hydroxide solution (B. 33 , 
2230). y-Dimethyl Aminobutyric Methyl Ester, (CH,)aN[CHt]3COOCH„ b.p. 
172®, is prepared from y-chlorobutyric ester and dimethylamine. On heating 
ft is decomposed into butyrol actone and trimcthylamine. The isomeric y-Tri- 

methyl Butyrohetatne, (CH3)jN[CH3]3COO, which is obtained by exhaustive 
methylation of butyrolactam in alkane solution (B. 35 , O17) undergoes the same 
decomposition. 

y-AminovalerIc Acid, CH3CH(NH2)CH3CH2CO,H, m.p. 193®, results from 
the decomposition of phenylhydrazone laevulinic acid by sodium amalgam (B. 27 , 
2313). Both y-anii no-acids, when heated, pass into lactams. 

8- Amino-n- Valeric Acid, Homopiperidic Acid, NH2(CH2)4C02H, m.p. 158®, 
is produced by the putrescence of fibrin, flesh, and gelatin* (B. 31 , 776). 

The benzoyl derivative of this acid and also Sulpho-B-aminovaleric Acid, 
SO 2[NH(CH 2)400211] 2, m.p. 163®, are formed by the oxidation of benzoyl iiiperi- 

dine, CHj<^|^*^^*]>NCOC3H5, and of sulphopiperidine by KMn04 (B. 21 , 

2240) ; the acid is prepared from phthalimido-propyl malonic diethyl ester 
(B. 23 , lybQ). 

By method 2 (p. 393) the following are also prcparc<l : a-Methyl B-Amino-n~ 
valeric Acid. NH2.CHaCH2CH,CH(CH,)COaH, m.p. 168® ; a-Ethyl B-Amino-n- 
valeric Acid, XIl2CHaCH2CHaCH(CaH3)CC3aH, m.p. 200-200-5®; a-PropylB- 
Amino-n-valcriu Acid, NHaCHaCHaCHaCH(C3H2)COaH, m.p. 186® (B. 24 , 2444). 
A /8- or y-Methyl B-Amino-ti-valeric Acid, m.p. 134®, with decomposition, is pre- 
pared from its lactam (p. 396) (A. 81 2 , 185). 

B-Trimethyl Valerohetaine, (CH8)8N[CHa]4Coi, of which the hydrobromide is 
obtained from y-bromopropyl malonic esters and trimethylamine, by hydrolysis, 
and the action of hydrobromic acid. The substance itself is converted by heat 
into the isomeric B-Dxmethylamine Valeric Methyl Ester, (CH8)8N[CHa]4COOCH8. 
b.p. 186-189®, together with S-valerolactone (B. 37 , 1853). 

8-Amlno-n-octanle Acid, Homoconiinic acid, C8H7CH(NH8)[CHa]8COaH, m.p. 
158®. The benzoyl compound is obtained by oxidation of benzoyl conine with 
KMn 04 (B. 19, 504 ). 

c-AminoeaDrolc Add, vLeucine, NHaCCHJgCOiH, m.p. 204®, is obtained 
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from phthalimidobutyl malonic ester, from €‘-benzoyl aminocapronitfilet CjH,- 
CONHpHJjCN (B. 40 , 1839)* or frona its lactam, the hexamethylene ketone- 
isoxime. by boiling with hydrochloric acid. Similarly, various acids can be 
prepared from their lactams, such as methyl e-aminocaproic acid and methyl 
isopropyl €-aminocaproic acid. c-Aminocaproic acid is oxidized by permanganate 
to adipic acid ; nitrous acid produces two isomeric hexenic acids instead of the 
expected €-hydroxycaproic acid (p. 375) (A. 843 , 44). 

J^-Amino-n-heptyhe Acid, NHgtCllaJ^COOH, m.p. 187® with decomposition, 
is also prepared from its lactam, the isosuberonc oxime (q.v.) ; also from the 
phthalimido-amyl malonic ester, or benzoyl amyl aminomalonic ester (B. 40 , 
1840). On heating, it no longer yields a simple lactam (B. 35 , 1369). Per- 
manganate oxidizes it to pimelic acid (A. 343 , 44). * 

10- A minocapric Acid, NHgCCH^lgCOOH, m.p. 188®, is prepared from azclaic 
monoamido-acid, Nn2C0[CH2]9C06H, and alkali hypobromite ; benzoyl deriva-^ 
live, m.p. 97®. These products are not identical with those obtained from benzoyl 
dekamethylene imine (p. 365) by oxidation (C. 1906, II. 1126). 


and ^-Lactams : Cyclic Amides of the 7-, c-, and 

2 ^-Amino-carboxylic Acids. 

These bodies are forfned when the y-, 8-, and e-amino-acids are 
heated to their point of fusion, when they then lose water, and undergo 
an intramolecular condensation. Some of them have been obtained 
by the reduction of the anil chlorides of dibasic acids — e.g. succinimide 
and dichloromaloiii anil chloride. The names y-lactams and S-lactams 
have been given them to recall the lactones. They are cyclic acid- 
amides. Just as the lactones, under the influence of the alkali 
hydroxides, yield hydroxy-acid salts. So the lactams, when digested with 
alkalis or acids, pass into salts of the amido-acids, from which they 
can be formed on the application of heat. 

Further, the y- and 8-lactams bear the same relation to the imides 
of the y- and 8-alkylcne diamines as the lactones to the oxides of the 
y- and 8-gh'cols (p. 371). Tliese relations are apparent in the following 
arrangement : 


CII2C H2OH 

I 

CU2CH2OH 
Tell ainethylcne 
Glytol. 

CU.CHjn 

I 

CH2CII./ 
Tctramcthylcne 
Oxi(1( , 

Trtrabydrofur 

furaue. 

CHjCO V 

I >0 
cH2cn2'^ 

v-Butyrolactone. 


( ]1,C lI.Nlla 
'!« tliylcne 
DianiinL\ 

(IlaCH 


/ 


C'lIXHa 

Tetiamethylene 
Iminr , 
Tetrahyclro- 
pyrrol. 


CII2CO 


^NH 


CH2CH2 

y Butyl olactam, 
a-Pyrrohdone. 


XHaCIKOH 

ch/ 

x:n,cn.oii 


Pi ntamclbylpuc 
Glycol. 


>NH CHjv 


^CH,CH, 


V 




Pentamethylene 
Oxide. 


XHjCO 

^•Valerolactoiie. 


> 


CH2V 

VlT.C'HjNH, 

Pentarntthyleue 

Diamine. 

xn2CH,v 

CH.X >NH 

^CU^CH/ 

Pentararlbylene Imine, 
Piperidine. 


CH 


XHaCO V 

XHoCIIX^ 

£-VaIerolactam, 

a~Piperidoue. 


>NH 


CH.CO V 

y-Lactams : y-Butyrolactam, a-Pyrrolidone, J y ™-P* 25“. b.p. 245®, 

unites with water to form a crystalline hydrate, C4H70N + HaO, m.p. 35®. It is 
best prepared from succininiidi* by clcctiolytic reduction (B. 33 , 2224). Isopropyl 
pyrrolidone, C^HjON-Cali,, b.p. 222®, is similarly pieparcd from isopropyl- 
succinimidc. and n-Phenyl Butyrolactam, C4H20N.C,Hb, from succinanil. It 
r qw ft lsQ be produced by reduction of dichloromaleln anil dichloride (A. 296 , 
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27). Pyrrolidone possesses £cebly basic and acid {properties. Its sodium salt 
reacts with iodomethane, producing n-methyl pyrrolidone, C4HJO.NCH,, an oil. 
When boiled with PgSj in xylol, pyrrolidone is converted into Thiopyrrohdone, 
C4H7SN, the potassium salt of which, with iodomethane, gives Thiopyrrolidone 
ip-Methyl Ether, b.p. 170® (13. 40, 2831, 2848) : 


CH,— NH ^ CIIj— NH V 

I >CO I >CS 

CHa— CH/ CHa— CFIg/ 

Pyrrolidone. Thiopyrrohdone. 


CH, 

CHj— CII,/ 
^-Methyl Ether. 


CSCH. 


The ^-methyl ether, i>n reduction, breaks up into methyl mercaptan and 
pyrrolidine (p. 335). 

CH,— CH(CH3k 

y-Valerolactam, h-Meihyl Pyrrolidone, | /NH, m.p. 37®, can be 

CH, i 

distilled without decomposition. By reduction with sodium and amyl alcohol 
it is changed into a-methyl pyrrolidine (p. 335) (B. 23, 1800, 2364, 3338 ; 23, 

CH,— CH,v 

708). BB-Dinifthyl Pyrrolidone, aa-DimethylButyrolactam, I ^NH, m.p. 

C(CH,),CO^ 

66®, b.p. 237® (C. 1899, T. 871). • 

8-Laetams: h-Valerolactam, a-Ketopiperidine, a-Oxopiperidine, a-Pipert- 

done, m.p. 39-40®, b.p. 256®, is obtained, amongst other 

methods, by the isomeii^ation of cyclopentanone oxime (A. 312, 179). a- 
Mdhvl h-Valerolactam, fi-Methyl Ptpertdone, m.p. 55®, 

is isomeric with the j8- or y-Methyl Ptperidone, m p 87®, obtained from j8-mcthyl 
cyclopentanone oxime (A. 312, 186). a-EthylB-Valero/acUtm, p-Lihyl Pipikutone, 


m p. 68®, b.p. 4, 141® (B. 23, 3694). a-Propyl 8- 

Valerolactam. fi-Propyl Piperidone. ui p. 59°, b.p. 274*. 

* r'H f*o 

S-n-Octanolactam, Homoconiinic Acid Lactam, Clii<C' * >NII , m p. 84®. 

CHaf Il-CaH, 

The ammo-acids aie not poisonous, but their y- and 8-lactams are violent, 
strychnine-likc poisons, a fleeting the spinal cord and producing convulsions. 
These bodies will be met with again among the pyrrole and pyiidine derivatives, 
as tetrahydropyrrole and piperidine compounds (Vol. II.). 

CH5.CH,.COv 

€-Caprolactam, | yNH. m.p. 69®, is obtained by the trans- 

CH,.CH,CH/ 

formation of cyclohexanone oxime (A. 312, 187); and from e-ammocaproic 
acid (p. 394). It acts, physiologically, as a nerve poison j8-Methyl cyclo- 
hexanone oxime and also oximes of the terpene ketones menthonc and tetrahydro- 
carvone can be converted into two methyl e-caprolactams, m ps. 44® and 105® 
(structure, A. 848, 253) and two isomenc methyl isopropyl e-caprolactams, 
menthone isooxime, m.p. 120®, and tetrahydrocarvone isooxime, m.p. 104® (A. 312, 
197. 203). 

CH,CH,CH,.NH 

t-Heptolactam, \ | , m.p. 25®, b.p., 156®, is prepared from 

CHaCII,.CH,CO 

heptamethylene ketoxime or subcrone oxime. It can be broken down into 
{-amihoheptylic acid (p. 395), which on wanning with nitrous acid is converted 
into c{-heptylenic acid (A. 312, 205). 

11. Fatty Add Ni^ramines, Nitramine Acetic Acid, CO,HCH2.NHNO„ m.p. 
103®, is prepared by hydrolyzing its ethyl ester (m p. 24®), which results 
on treating nitrourethane acetic ester, C,H50,C.N(N0,).CH,C0,C,H5, with 
ammonia (B. 29, 1682). 

12. Isonltramlne Fatty Aeids are obtained in the form of their sodium 
salts when sodium itonitramine acetoacetic esters and sodium isonitramine 
mono-alkyl acetoacetic esters, or the explosive dinitroso-compounds of the 
hydrazo-iatty acids, such as hydrasoi8obttt;^ric add (p. 4x6), are acted on by 
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the alkalis (B 29 , 667 , A 800 , 64) They are converted into hydxoxylamino- 
fatty acids by dilute mineral acids (p 381) Acid reducing agents change them 
to ammo-fatty acids whilst alkahne reducing agents produce diaro-acids (p 402) 
and hydrazmo-acids (see below) 

Isoniiranitne Acetic Acid, COjHCH,N<qjj, is a syrupy hquid Isonttra- 

mine Isohwtync Acid, COaHC(CH5), N(NO)OH, m p 94* Their lead salts dissolve 
with difficulty 

13 (^) Hydrazlno-fatty Aelds arc obtained, together with the diazo-acids, 
when the isonitramine fatty acids are acted on with alkaline reducing 
agents Iheir carbamide derivatives are obtained in^the form of nitriles when 
hydrocyanic acid becomes added to the ketone semicarbazides Hydrazino- 
acetic Acid, NH,NH CH,COOH m p 152®, with decomposition (B 31 , 164) 
(See also Amidohyd intome Acid Ester and Carbamidohydrazo-acetic Ester ) 

a-Hydraxinoproptonic Acid Ammo alanine NH,NH CH(CH,)COjH. mp 
180® is formed from a isonitramine propionic acid (B 29 , 670), and from 
the addition product of hydrocyanic acid and acetaldehyde semicarbazone 
(A 303 , 79) a Hydrazinohutync Acid NH,NH C(CH,)2C02H, m p 237® with 
decomposition It is formed when steam acts on its benzal derivative The 
latter is made by acting on acetone semicarbazide, NH2CONHN=C(CH2)2> with 
hydrocyanic acid when carbamido hydrazmo isobutyronitnle is produced This 
is then decomposed witii hydrochloiic acid, and benzaldehyde is added (A 290 , 

15) 

13 (^) Hydrazo-fatty Aelds. — When a hydrazmo fatty acid is tredtod 
with acclont and potassium cy inide a hydrazo nitrile acid results thus 
from a hydrazmo isobutync acid we get Hydrazo isohutyronitrilic Acid, 

NHNH ( <^(^*^** ^ P When hydrazine sulphate (i mol ), 

acetone (2 mols ) and potassium cyanide (2 mols ) react the product is Hydrazo- 
isobutyronitnle, NH NH m p 92® Hydrochloiic acid con- 
verts both nitriles into Hydrazo-isobutync Acid, NHNH ^^^OOH* 

mp 223® 

Its dinitro^’o (ompound is decomposed by alkalis into isonitramine isobutync 
acid (sec above ) a livdroxy-isobutync and and nitrogen (A 300 , 59) 

14 Azo-fatty Acids. — Bromincw iter oxnlizcs hydrazo esters and hydrazonitnles 

to the torr( s])onrlmf, azo bodies Azo-lsobutyronitrlle, 

m p lo;,® when heated alone 01 b« tter, with hot water, passes into tetramethyl 
succinic niiiilc (A 290 , -i) 


B. UNSAIURATED H\D ROXY- ACIDS, HYDROXY-OLEFINE 
CARBOXYLIC ACIDS 

a Hydroxy-olefine Carboxylic Acids are obtained by the action of cold hydro- 
chloric acid on the nitriles, the addition products of hydrocyanic acid and olefine- 
dld< liydes 

VinylCwlycolhc Acid CHg C HCH(OH)COOH mp 33®, b p 129® is prepared 
from its nitrile acrolein cyanhydrin bpi, 94°, or the amide, mp ^o® bp 21 
155-158® When heated with acids it is partly converted into an a ketone acid 
— propionyl formic acid, CH3CH2COCOOH This also results together with 
various condensation products, when vinyl glycollic acid is acted on by alkalis 
(Rrc trav Chim 21 , 209) 

Propenyl Glycollic Acid, a Hydroxypentenic Acid CH,C H CHCH(OH)COOH. 
IS obtained from crotonaldehyde cyanhydrin Boiling dijute acids convert it 
directly into an ay keto-acid — ^laevulinic acid (B 29 , 2582) 

CH,CH CH CH(OHlCOOH > CH,CO CH,CH,COOH 

a-Fthoxy-acryhc Acid CH,.C(OC2H6) CO,H. m p 62® is obtained by hydrolysis 
otit^ ethyl ester bp 180® (comp Acetilof PyroraccmicEslcr p 408) (B 81 , X020). 

p Hydroxy-olefine Carboxylic Acids arc obtained b\ londensalion of olefine 
aldehydes with a h^ogen-fatty esters by means of zinc (comp mode of formation 
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X2a, p. 358). When an available hydrogen atom is present in the a-position, 
these acids readily lose water, as when, for instance, they arc boiled with sodium 
hydroxide, forming di-oleilne carboxylic acids (B. 35 , 3633, C. 1903, 555 ; 1906, II. 

318) : 

Br.CHaCOjR 

CH,CH:CH.CHO ^ Cn3CH:CH.CH(OH)CH,CO,R 

Zn 

/i-Hydroxy-bydrosorbic Acid. 

^ CHaCHiCn.CHrCHCOjH. 

Sorbic Acid. 

P~Hydroxy-hydrosorbic Acid is an oil, slightly soluble in water; ethyl ester, 
b.p. 3 1 00°. a- Methyl Hyaroxy-hydrosorhtc Ester, b.p. ^ 1 1 1 a-Ethyl fi-Hydroxy 
sorbic Ester, b.p. 15 in®. a-Eihyl fi-Hydroxy-hydrosorbic Ester, CHjCHiCHCH- 
(0H)C(CH3)2C02K. b.p.i7 119°, is stable. a-Dimethyl p-Vniyl Hydracrylic Acid, 
Vinyl Hydroxy ptvalic Acid, CH8:CH.CH(0H)C(CH3)2C02H, b.p. 33 159®; ethyl 
ester, b.p.^^ 100°, is prepared from acrolein bromisobutyric ester and zinc. In 
benzene solution, P2O5 causes the splitting off of water, and simultaneously the 
addition of benzene, forming the compound C3Hj.CH3CH:CUC(CH3)2COaR. 

/ 3 -Hydroxy-acrylic Acid, CH(0H):CHC08H, and jS-Hydroxycrotonic Acid, 
CH3C(0H):CH.C03H. Both these acids and their homologues are the starting 
points for the aci-forms (p. 40) of the ^-aldo- and fitketo-carboxylic acids, such as 
formyl acetic ester and acetoacetic estrr : 


aci-iorm CH{OH):CHCOiC^H^ 
keto-iorm CHO.CHjCOoCjll- 
Formyl Acetic E^ter. 


CH3C(0H):CH.C02C,H, 

CHaCO.nigCOaCaHj. 
Acctoai c tic Ester. 


In the free state formyl acetic ester exists as j 3 -liydroxy-acrylic ester (oci- 
modiheation), whilst acetoacetic ester is more stable in the keto-forra. Since 
the aci- or enol-ioim is usually looked on as being a subsidiary form, and the 
dido- or keto-ioim, the fundamental modilication, those di rivatives, such as 
p-alkoxy- and p-acyloxy-oltfine carboxylic acids, which are undoubtedly of the 
cnol-form, will be described with the latter. 

y- and 8-Hydroxy-oleflne Carboxylic Acid arc known in the form of their 
lactones, of which some arc obtained by distillation of the y-keto acids, and others 
from ^y-dibromo- or dichloro-fatty acids with the loss ol 2 molecules of halogen 
acid. These and A*-lactones are changed back into y-keto- or aldehyde acids 
by hydrolysis. 

^•Butene Lactone. C H)i( Iactone,Cll’.Cn , m.p. 4®, b.p., 3 96®, is formed 
from /3y-dichlorobutyric acid when heated alone or with potassium carbonate 
(C. 1905, II. 45 ; B. 35, 9422)- 

y-Ethoxycrotonic Acid, C2H50CH3CH:CHCOOH, m.p. 45®, b.p. 23 148®, is 
obtained from y-ethoxy-)9-hydroxybut yronitri lo, the addition product of hydro- 
cyanic acid to epiethylin, CiHgOCHjCH.CHjO (C. 1905, I. 1138). 

A*- Angelic Lactone , CH3(!:=CHCH2COQ, m.p. 18®, bp. 167®, and A^-Angelic 

Lactone, CH3CH.CH.CHCOO, b.p. 25 83®, arc prepared from laevulinic acid and 
acetyl laivulinic acid. The A*-lactone can be formed from the A‘-lactone by 
various methods ; the change is, however, reversible. The A*-lactonc, in contra- 
distinction to the A^-lactone, can be condensed with aldehydes at the a-CH^ 
group (A. 319 , 180). 

Mesi tonic acid (aa-dimethyl laevulinic acid, p. 423) gives rise to a~Dimethyl 
A}-Angelic Lactone, m.p. 24®, b.p. 167®. The isomeric aaP-trifnethyLA*^buter(h 
lactone is prepared from the corresponding dibromo-acid. Iso-octenolactone, 

(CH,),CHCH2(iH.ClfiCH.COO, is obtained from iso-octenic acid dibromide (C. 
1905, II. 457 ; A. 347 , 132). , « . . 

y - Methyl - an d y - Ethyl ~ aP - dichloro - and ~ ap - dtbromo- butene Lactone 


[.CXiCXCOO, b.p. 2, 120® 


m.p. 69°; m.p. 51®. are prepared 


from mucochloric acid and mucobromic acid (p. 402) by means of magnesium 
alkyl halides (B. 88,3981). ^ 
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Parasorble Ao M, or Sorbin OH, CH,CH,CHCH:CHCo6, or CH, 


(^HCHjCHiCHCoi, b.p. 221®, occurs, together with malic acid, in the juice of 
ripe and unripe mountain ash berries (Sorhus aucuparia). It is optically active : 
[a]j=a+40-8, and is a strong emetic. It passes into sorbic acid (p. 305) when 
heated with sodium hydroxide or hydrochloric acid (B. 27, 344). 

Di-olcfine 8>lactones have been obtained from coumalic acid and isodehy- 
draceiic acid by the splitting-off of carbo n dioxide : 

Coumalin, CH=CH— CH=CH.COO, m.p. 5®, b.p..o 120®, has an odour like 
that of coumarin (A. 264, 293). ^ 

Mesitene Lactone, pb-Dimethyl Coumalin, CH = CH — C(CH ,) = CH .Coi, 
*^-P- b.p. 245®. When heated with ammonia it changes to the corre- 

sponding lactam, so-called pseudo-lutidostyril, mesitene lactam (below). 


Diallyl Butyrolactone, (CH,:CHCH,)CCHjCH,CO(!). b.p. 267®, is prepared 
from succinic ester, allyl iodide, and zinc (comp, the general method of formation 
of tert.-a-hydroxy-acid esters from oxalic ester, alkyl halides, and zinc, p. 358) 
(J. pr. Ch. [2] 71, 249). 

Ricinoleic Acid, CigHs40t, is an unsaturated hydroxy-carboxylic acid (p. 3021 
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a-N tiro-dimethyl Acrylic Acid, (CH,)jC:C(N02)C00n. Its ester, b.p.,4 121®, 
is prepared by nitrating dimethyl acrylic ester (p. 299) with fuming nitric acid. 
Alcoholic potassium hydroxide converts it into the potassium salt of an isomeric 

r'T.i 

nitro-acid ester, ^^®^C.CH(N02)C00CaH4 ; ammonia decomposes it into 

acetone and nitro-acetic ester (p. 3S0) ; reduction with aluminium amalgam 
produces nitrodimethyl acrylic ester. 

a-Aminodimethyl Acrylic Acid Ester, (CH3)aC:C(NH2)COOC3|H5, b.p.jg 94®. 
is converted by hydrochloric acid into dimethyl pyroracemic acid (p. 408). 


jS-Amlno-aolds and jS-Hydrazlno Olefine Carboxylic Acids. 

This gioup contains the reaction-products of ammonia and the hydrazines on 
jS-ketone-acirl esters such as acetoacctic esters and alkyl acetoacetic esters. Thus, 
B-Aminocrotonic Ester, CH8C(NHj):CH.C02CjIl5, is produced ; also. Methyl 
NH— NH 

Pyrazolone, * | . This behaves desmotropically, and because of its 

CH,C:CH.CO 

close connection to the j3-ketone-acid esters will be considered with them (p. 418). 


8-Diolefinc Lactams. 

XH— COv 

a-Pyrldone, B-Aminopentadiene Acid Lactam, CH^ ^ ^ 


is obtained from the reaction-product of ammonia and coumalic acid after the 
elimination of carbon dioxide (B. 18, 317). It can be converted into the 
XH— COv 

odourless Ethylimide, CHC /N.CjH 4, b.p. 258®, and a-Ethoxypyridtne, 

XH^CH-^ 


XH— C(0.C2H4). 

CHC ^N, b.p. 156®, which possesses an odour like that of pyridine 

\CH= ch/ 


(B. 24, 3144) (see Vol. II.). 

Pseudolutidostyril, [^,s]-Dimethyl a-Pyridone, Mesitene Lactam, 

XH COv 

CH,— cr >NH, 

XH=C(CH,)/ 

m.p. 180®, b.p. 305®, is formed when ammonia acts on mesitene lactone, and 
from the two monocarboxylic acids of this lactam by the elimination of CO, 
(A. 259, 168). 



400. 


ORGANIC CHEMISTRY 


8. ALDEHYDE-ACIDS 

These are bodies which show botn the properties of a carboxylic 
acid and of an aldehyde. Formic acid is the simplest representative 
of the class, and it is also the first member of the homologous series of 
saturated aliphatic monocarboxylic acids. But it and its derivatives 
have been, with repeated reference to its aldehydic nature, discussed 
before acetic acid and their higher homologues. Tlie best known alde- 
hyde carboxylic acid, a compound of the aldehyde group CHO with 
the carboxyl group COOH, is glyoxylic acid, which is an oxidation 
product of ethylene glycol. 

I. Glyoxylic Acid, Glyoxalic Add [Ethanal Acid] {H0)2.CH.C02H 
or OCH.CO2H4-H2O, was found by Debus (1856) among the products 
resulting from the oxidation of alcohol with nitiic acid. It occurs 
in unripe gooseberries and other fruit, from which it disappears 
on the fruit ripening. Its formation and reactions are of significance 
in plant physiology (B. 25, 800 ; 35, 2446 ; 40, 4943). Just as chloral 
hydrate is to be considered as trichlorethidene glycol, CCl3CH(OH)2, 
so cr3^stallized glyoxylic acid can be regarded as the glycol corresponding 
with the aldehydo-acid, CHO.CO2H. All the salts iire derivc*d from the 
dihydroxyl formula of glyoxylic acid ; hence it may be designated 
dihydroxy-acetic add. Like chloral hydrate, gl^^oxylic acid in many 
reactions behaves like a true aldehyde (B. 25, 3425). 

Methods of Formation. — Glyoxalic acid results (i) from the oxida- 
tion of alcohol (B. 27, R. 312), aldehyde and glycol, and is accompanied 
by glyoxai (p. 346) and glycollic add (p. 362) ; {za) by heating dichlor- 
and dibromacctic acid to 230® with water (B. 25, 714) ; (zb) by boiling 
silver dichloracetate with water (B. 14, 578) ; (2c) the best method is 
by the action of potassium acetate on dichloracetic acid, pi educing 
diacetyl dihydroxyaceiic add (CH3COO)2CHCOOH, which on boiling 
with water 5delds glyoxylic acid (A. 311, 129). 

(3) From hydrazi-acetic acid (p. 405). 

(4) It is formed direct by reduction of oxalic acid and its ester 
(comp, also Glycollic acid, p. 362). 

(fl) Electrolytic reduction of oxalic acid in sulj huric acid jnd with mercury 
cathode gives an 87 per cent, yield of glyoxylic acid (B 37 , 3187): 

c; 00 H.C 00 H-l-H,=C 00 H.CH (01 1 

{h) A similar reduction of oxalic ester produces g’voxylic ester (B. 37 , 3591). 

(c) Redrction of oxalic ether with sodium amaham 111 alcohol j roduccs the 
alcoholate of ghoxylic ester, together with ketomalon c ester, desoxulic ester, 
and racemic ester (B 40 , 4942). 

Properties. — It is a thick liquid, readily soluble in water, and 
crystallizes in rhombic pnsms by long standing over sulphuric acid. 
The crystals have the fonnula C2H4O4 (see above). It distils undecom- 
posed with steam/ 

Salts, — ^The salts contain water of crystallization which, on being dried, give 
it up with partial decomposition. The calcium salt, (C,HjO,),Ca4-2HaO, is 
sparingly soluble in water (A. 317 , 147 ; C. 1904, II. 1705). 

Esters: Glyoxylic Ethyl Ester, CHO.COOC,IIj, b.p. 130®, an easily poly- 
merised substance, is produced by the electrolytic reduction of oxalic etbetj, and 
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also from its aUoholaU, CaH5C)CH(OH)COtCaHf, b.p. 137^ by the action of 
PfOg. This substance is prepared by the reduction of the oxalic ether with sodium 
amalgam (see above). Alcohol and hydrochloric acid produce Di-ethoxyaceHc 
Ester, (CaH50)aCHC0aCaHa« b.p. 199®, which, on hydrolysis, 3rields di-ethoxy^ 
acetic acid. Glyoxylic ethyl ester develops a bright coloration with ammonia and 
methylamine in presence of air (C. 1906, I. 1654 » ^fO, 4953 )- Glyoxylic Methyl 
Ester, m.p. 53® (B. 87 , 359i)- Hydrazines, hydroxylamine, etc., give typical 
aldehyde derivatives with the esters (C. 1907, I. 401). 

‘ Reactions. — Glyoxylic acid exhibits all tiie properties of an aldehyde. It re- 
duces ammoniacal silver solutions with formation of a mirror, and combines with 
primary alkali sulphites (p. 195), with phenylhydrazifie (B. 17 , 577)..with hydro- 
xylamine, thiophenol and hydrochloric acid (B. 25 , 3426). When oxidized (silver 
oxide), it yields oxalic acid ; by reduction it forms glycollic acid and racemic 
acid, CO,HCH(OH).CH(OH)COOH. On boiling the acid with alkalis, glycollic 
and oxalic acids are produced (B. 13 , 1931)- 

This reaction is extramolccular, and completes itself by the intramolecular 
rearrangement of the glyoxal, under like conditions, into glycollic acid : 

COOH COOH COOH 

2| +H ,0 « I +I 

CHO CH^OH COOH. 

Glyolylic Glycollic Oxalic 

Acid. Acid. Acid. 

The formation of glycollic and tartaric acids also occurs when glyoxylic acid 
is carefully heated (C. 1904, II. 1705) ; they are also formed by the interaction of 
glyoxylic, hydrocyanic, and hydroclilonc acids. Ammonia causes the elimination 
of CO, and the formation of foimyl glycocoll (p. 388), and ultimately glycocoll 
(B. 35 , 2438). For the change of glyoxylic acid by urea into allantoin 
(see p. 573). 

II. j3-Aldo-carboxylic Acids, HOC.CIIR CO2H, and their esters 
exhibit reactions of ac7-form compounds and behave as p-hydroxy-^-- 
olefine carboxylic acids, HOCH : CRCO2H (pp. 397, 398), in which form 
they are most favourably constituted to yield esters. 

Formyl Ace tie Acid, p-Aldopropiomc Acid (half aldehyde of malonic acid), 
CHO.CH^COOH or CH(OH) : (TICOgH, appears to be formed by the hydrolysis 
of its acetal, Di-ethoxypropiomc acid, (C,H50),CHCH,C00H. This is obtained 
by oxidation of jS-liydroxypropionacctail (p. 338) (B. 33 , 2760) ; ethyl ester, b.p, 
193® ; and also from orthoformic ester (p. 246), bromacetic ester and zinc 
(J. pr. Ch. [2] 73 , 326) : 

HC(0CaH5),+BrZnCHaC00C,H5=HC(0C,H5)2CH*C0*C*H84'C,H50ZnBr. 
It readily loses alcohol, foiming the ester of ^-Ethoxy acrylic Acid, CjHgOCH 
CHCOOH, m.p. no®. This readily decomposes into CO2 and acetaldehyde, 
probably with the intermediate formation of formyl acetic acid. 

Formyl Acetic Ester, Hydroxymethylene Acetic Ester, p-Hydroxyacryltc Ester, 
(CjH 30)C02R, is obtained in the form of its sodium compound, NaOCH : CHCOjR. 
by the condensation of formic and acetic esters by means of sodium in benzene 
or ethereal .solution : 

HCOOC2H8 +CH 8 COOCgHB +Na =NaOCH:CHCOOC 2 H 5 -I-HOC2H*. 

The free ester is easily condensed to formyl glutaconic ester, HC(OH) : C(C02R)- 
CH : CH.COgR, and trimesic ester, C2H8(C02R)2. Concentrated sulphuiic acid 
produces coiimalic acid (g.v.). Acetyl chloride and sodium formyl acetic ester 
form an acetate, CHaCO.OCH : CHCOgCaHg, b.p. 4, 126®^ This takes up 2 
atoms of bromine producing a dihromide, b.p. 34 154®, which indicates the structure 
of the acetate (B. 25 , 1046). Nitrobenzoyl chloride produces two steteoisomeric 
nitrohemoates (A. 816 , 18). Cyanacetaldehyde, Hydroxymethylene Acetonitrile, 
(CtH20)CN, is produced as a sodium salt from isoxazole and sodium ethoxide 
(P« 354 )- 

a-Formyl Propionic Acid, 0CHCH(CH,)C02H or CH(OH) : C(CH,)C02H ; 
acetal, (C,H40)2CH.CH(CHa)C02lI. of which the ester is prepared from ortho- 
formic ester and a-bromozinc propionic acid, easily breaks down into ^cohol and 
p^Ethoxymethyl Acrylic Acid, CjHbOCH : C(CHa)C02H, m p. 109®. This is formed 
from bromo -methyl-acrylic acid and sodium alcoholate. It readily decotjaposes 
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into OOg, propionaldehyde and alcohol (B. 39 , 3549). a^Formyl Propionic Ester, 
a-Hydroxy methylene Propionic Ester, HOCH : C(CHt)COtCsHg, b.p. i6z*; acetate, 
b.p.ii 132® (A. 816 , 333 )- 

III. y- and S-Aldo-carboxyllo Aolds. 

p~Formyl Propionic Acid, y-Aldohutyric Acid (half aldehyde of succinic acid), 
CHO.CHj.CHjCOjH, is produced from acetal malonic acid (C,H50)jCH.CH,CH- 
(COjH)*, when the latter is heated with water to igo® ; or, better, by boiling 
aconic acid (q.v.) in water, when CO, is given off (B. 37 , 1801). It forms crystals, 
soluble in water. When evaporated with sodium hydroxide solution, it yields 
a small quantity of terephthalic acid (Vol. II.) ; reduction converts it into butyro- 
lactone. Its nitrile serves for the derivation of p-cyanopropionacetal, CNCHg- 
CHjCH(OC 4H5),, b.p.4s 106®, the reaction product of y-chloropropionacetal 
and KNC ( 13 . 34 , 1924). p~Formyl Isobutyric Acid, a-M ethyl P-Aldobuiyric Acid, 
CHO.CH,CH(CH,)CO,H (C. 1899, I. 557). 

h-Aldovaleric Acid, y-Formyl Butyric Acid (half aldehyde of glutaric acid), 
CHO.CHgCHjCHjCOOH, b.p. 240®, is prepared from ) 3 -propionacetal malonic 
ester by hydrolysis and the loss of COg (B. 88, 2884) ; by boiling the ozonide of 
cyclopentene (Vol. II.) with water, associated with Glutaric Dialdehyde, b.p.io 71® 
(p. 347) and glutaric acid ( 13 . 41 , 1706). h~Formyl y-Methyl Valeric Acid, HOC.- 
CH(Cnj)CH*CHj|COOH, b.p.,, 154®, is obtained by, the oxidation of citronellal 
acetal (p. 215) with permanganate (B. 34 , 149B). 

IV. Aldo-oleflne Carboxylic Acids. 

p-Formyl Acrylic Acid (half aldehyde of maleic acid), CHOCH : ClICOOH, 
™-P- 55 ®» b p io I 45 ®i is produced by the oxidation of pyromucic ac^d (Vol. II.) 
by bromine and alkali. It is converted into succinic acid when heated with a 
solution of potassium cyanide (B. 38 , 1272) : 

1 I O H,o 

6cH:CH.CH:CCO,H > CHO.CH:CHCO,H — ^ HO,C.CH,.CH,COOH. 

Pyromucic Acid. ^-Formyl Acrylic Acid. Succinic Acid. 

By the energetic action of chlorine and bromine on pyromucic acid, halogen 
derivatives of formyl acrylic acid are produced — mucochloric acid, m.p. 125®, and 
mucohromic acid, m.p. 122®. 

Similarly to the y-Keto-acids (p. 421). these acids can be looked on as being 
hydroxylactones, with which they are desmotropic (M. 25 , 492) : 


CH; 


:H.CH( 0 H) ^CH.CHO 

I and CHf 


00 




COOH 


< CBr.CH(OH) XBr.CHO 

/ and CBrf 
COO ^COOH 


Formyl Acrylic Acid. Mucobromic Acid. 

The esters of mucochloric and mucobromic acids, whicli, contrary to the acid, 
do not yield oximes, appear to be derived from the lactone formula ; there are, 
however, also esters which have been obtained from the normal aldehyde-acid. 


NITROGEN DERIVATIVES OF THE ALDEHYDE-ACIDS 

Dinitro-acetic Ester, (NO,),CHCO,C,H,, is prepared from malonic ester and 
fuming nitric acid. It is a colourless liquid, which cannot be distilled without 
decomposition. It reacts strongly acid. 

Diaminoacetic Acid, (NH,),CHCOOH, is as yet unknown. A derivative 
Tetramethyl Diaminoacetic Methyl Ester, [(CH,),N],CIJCOOCH,, b.p.,, 57®, ^s 
obtained from diiodoacetic ester and dimethylamine. Dibromacctic ester, by 
the same reaction, yields Hydroxy-dimethyl Aminoacetic Dimethyl Amide, 
{CH,),NCH( 0 H)C 01 V(( H,)„ b.p.,, 80® (B. 35, 1378) 

Diazoacetic Acid, N2CH.CO2H, is also a derivative of glyoxylic 
acid. As it contains two doubly-linked nitrogen atoms, it may be 
compared with the aromatic diazo-hodies (see Di azobenzene). How- 
ever, in the latter the extra affinities of the diazo-group — N =N — or 
s=N=N are combined to two atoms, whilst in diazoacetic acid they are 

Nv 

joined to a single carbon atom, Separated by acids 
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from its salts, it undergoes an immediate decomposition, but it is 
fairly stable in its esters and its amides. 

(i) The esters of the diazo-acids restilt when potassium nitrite acts 
on the hydrochlorides of the amino-fatty acid esters (p. 384) (Curtius, 
1883, B. 29, 759) : 

HC1.(H,N)CH,C0,C,H,+KN0,=N,:CHC0,C,H,+KC1+2H,0. 

Glycocoll Ester Diaxoacetic Ester. 

Hydrochloride. 

• 

The di- and poly-peptide ester hydrochlorides, which contain the NHjCHjCO- 
group, behave with alkali nitrites in the same way as glycocoll ester hydrochloride : 
highly crystalline diazo-esters are formed, such as Diazoacetyl Glycine Ester, 
NjCH.CONHCOjCsHj, m.p. 187°, as yellow crystals : Diazoacetyl Glycyl Glycine 
Ester, NHjCHCO.NHCHiCONHCH,COgC,H„ etc. The homologous a-amino- 
acids, such as alanine leucine, also yield diazo-esters, if somewhat less readily ; 
but )3- and y-amino-esters give hydroxy-esters instead of diazo-compounds (B. 
37, 1263). 

(2) The sodium salts of the diazo-acids arc prepared by reduction of the iso- 
nitramine fatty acids (p. 396) by means of sodium amalgam (B. 29, 667) : 

HOjNaCIIjCOgNa-fzH^zHaO+NgiCH.COjNa. 

The diazoacetic esters are very volatile, yellow-coloured liquids, with a peculiar 
odour. They distil undccoiiiposed with steam, or under reduced pressure. They 
are slightly soluble in water, but mix readily with alcohol and ether. Like 
acetoacetic ester, they are feeble acids in which the hydrogen of their CHN,- 
group can be replaced by alkali metals by means of anhydrous alcoholatcs. 

HNv 

Isomerization occurs, and there are formed salts of isodiazoacetic ester | ^.CO.R, 

which can be obtained as an unstable oil by careful precipitation. It can be 
diderentiaUd from the true diazoacetic ester by the fact that warm acids do not 
liberate Ng from it (p. 404), but decompose it into hydrazine and oxalic acid 
(p. 405) (B. 34, 2500). Aquioub alkalis gradually hydrolyze and dissolve true 
diazoacetic ester, forming salts, CHOCj.COgMe, which are decomposed by acids, 
evolving nitrogen. 

Sodium Dtazoacetate, yellow in colour, dissolves with extreme ease in water. 
The reaction of its solution is alkaline (B. 34, 2521). 

^ Ethyl Diazoacetate, JigCHCOjCgHj, m.p. —24®, b.p. 143®, D„=i o73, explodes 
with violence when brought into contact with concentrated sulphuric acid. A blow 
docs not have this effect. At temperatures near its boiling point it decomposes 
into nitrogen and fumaric ester. Its mercury salt, Hg(CN,.COj.C2H5)j, m.p. 
104®, with formation of froth, results when yellow mercuric oxide acts on 
diazoacetic ester while being well cooled. It separates from ether in transparent, 
sulphur-yellow, rhombic crystals. Concentrated ammonia converts it, like all 
other esters, into an amide, diazoacetamide, N,CHCONIl„ m.p. 114® with 
decomposition. When diazoacetic ester is reduced it breaks down into ammonia 
and glycocoll. Pseudo- and bis-diazoacetamide (see below). Diazoacetonitrile, 
NjCILCOCN, m.p.i4 46®, is prepared from amino-acetonitrile hydrochloride (p. 386) 
and sodium nitrite (B. 81, 2489). It is an orange-yellow, very mobile liquid, 
possessing a pleasant odour resembling acetonitrile, but which irritates the 
mucous membrane. 

The diazo-fatty acid compounds are all very reactive, by reason of the easy 
replacement of nitrogen by two monovalent atoms or groups; or else by the 
ability to form nitrogen ring-systems (Vol. II.) by means of addition or reaction 
compounds without simultaneous loss of nitrogen. * 

(i) The diazo-esters are converted, by boiling water or dilute acids, into esters 
of the hydroxy-fatty acids (glycol acids, p. 358) : 

N,CHCO,C,H. -1-H,0 =CH,(OH)CO,C,H, +N. 

Ester of GlycoUic Acid. 

This reaction can serve for the quantitative estimation of the nitrogen in 
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diazd-derivatives. (2) Alkyl glycollic esters are produced on boiling 

sklrohnls t 


N,CHC02CaH5+C,H,0H=CH,(0C2H*)C0aC,H.+N,; 

Ethyl GlyooUlc Ethyl Ester. 

a small quantity of aldehyde is produced at the same lime. 

(3) Acid derivatives of the glycollic esters are obtained on heating the diazo- 
compounds with organic acids : 

NjCHCOjCaH5+CjHsOOH=CHj(OCaHsO)COaH6+Na. 

Acetic Acid. Aceto-glycollic Ester. 

(4) The halogen acids act, even in the cold, on the diazo-compounds. The 
products are haloid fatty acids : 

N,CHCO,C,Ha+HCl=CH,ClCOaCaHB+N,. 

(5) The halogens produce esters of dihaldid fatty acids : 

NCHaC02CjHg+It=CHI,C0aC2HB+Nj. 

Di-iodo-acetic Ester. 

Diazoacetamide is changed, in a similar manner, to di-iodo-acetamide, 
CHI2.CO.NH2. By titration with iodine it is possible to employ this reaction for 
the quantitative estimation of diazo-fatty compounds (B. 18, 1285). 

(6) The esters of anihno-fatty acids, CgHjNH.CHjCOaR, result from the 
union of the anilines with diazo-csters. 

(7) The esters of the diazo-fatty acids unite with aldehydes to form esters of 
the p-ketonic acids, e.g. benzoyl acetic ester, C2H2CO.CH2COaC2H5, trichloraceto- 
acctic ester, CCljrOCHaCOjR (comp. p. 218) (B. 18, 2379 ; 40, 3000). 

(8) Diazoacetic ester forms well-cry stallizable addition products with un- 
saturated acid esters, such as acrylic, cinnamic, fumaric esters. 'Pyrazoline- 
carboxylic esters (Vol. II ) are thus formed, which, on heating lose nitrogen and 
are converted into trimcthylene dicarhoxyhc ester, e.g . — 


COjR.CH CHj 

/\ + II 

N=N CHCOjR 

Diazoacetic Acrylic 

Acid. Acid. 


COjRC- 

■> 0 


-CH, 


N.NH.CH.CO,R 

Pyrazoline 
Dicarhoxyhc Ester. 


COaR.CH— CHj 

I 

f'H.COjR. 

Trimethylcnc 
Dicarhoxyhc E&ter. 


(9) Diazoacetic ester also unites with benzene and its homologens, on being 
heated with them, loses nitrogen and forms dicyclic bodies, such as benzotri- 
methylcne or norcaradiene carboxylic esters (Vol. II,) (B. 20, 108 ; 32, 701 ; 
A. 358, 1): 


CH^CH— CH 
I n -f-NjCHCOjR 

CH=CH— CH 

Benzene. 


CH=-CH— CHv 

I I >CHCOjR+Nj. 

CH=CH— CH^ 

Pseudophenylacetic Ester 


(10) Diazoacetamide is converted into triaxolone when heated with barium 
hydroxide solution (Vol. JI.) : 


II >CH.CONH, 


N NH 

U I . 

N— CH 2 -- CO 


Diazoacetyl glycinamide (sec above) similarly yields triazolone acetamide 
(B 39,4140). 

(ii) Hydrazine and diazoacetic ester or dizaoacctamide form the hydrazide 
of azidoacetic acid, N3C of which the ethyl ester, b p «i 75°. is prepared 

from iodoacetic ester and silver azide or chloracetic ester and sodium azide. It is 
a colourless oil. Boiling alkalis decompose the acid into ammonia, nitrogen and 
oxalic acid (B. 41, 344 : C. 1908, I. 938) : 


N,CH.COj|C,H5d-2NH2NH2 > NH,+N,CH2CONHNH,+C,H,OH 

ICH,CO,R+N,Ag > N,CH,CO,R > NH.+N.H, (COOH),+ROH. 
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(12) Diazoacetic ester has been made to yidd diamide or hydranne, 
KfHjNHg by different sets of reactions (CwfftMs), and from these 
^hydrazotc acid, N3H, has been obtained (see Inorg. Chem.) : 

(a) Moderate reduction of diazoacetic esters leads to the foimation of salts of 
hydraztacetic aetd—^m which form only it is stable — decomposable by acids into 
glyoxyhc acid and hydrazine (B 27 , 295) : 

Nv aH HNv H ,0 NH, 

H >CHCOaR I >CHCOaH | +OCH CO.H. 

HN^ NH* 

Energetic reduction decomposes di izoacetic ester into ammonia and glycocoll 
• Diazo-acids can be made to yield hydrazine fatty acids by reduction (B 20 , 
670) 

ip) Diazoacetic ester and concentrated sodium hydroxide solution form the 
salt of bisdiazoacetic acid, which is a polymer oi the i 50 -form of the acid (p 403 
isodiazoacetic acid) Ihe basis for the assigned constitution is that, like iso- 
diazoacetic acid, it does not evolve nitrogen when warmed with acids, but de- 
composes into hydrazine and oxalic acid . 

H3N4Ca(COQH)H 4HaO«2H4N,+2HOCO COOH. 

Bis diaco- Hydraane. Oxalic Acid, 

acetic Acid. 

{c) Ammonia and diazoacetic acid yield, besides diazoacetamide (p 404), also 
bzs’-diazoacetamide and pseudo-diazoacetamide , tlic latter decomposes when 
boiled with water into nitrogen and the axme of glyoxyhc amide, which can be 
iuither broken down into hydrazine and glyoxyhc amide : 

N^CCHCONH,), N,+Ng(:CH( ONH,), ^ N*H 4 + 20 CH CONH. 

Pseudo diazo Acetamide. Glyoxyhc Amide Azine Hydrazine. Glyoxyhc Amide 

Oxidation converts pscudo-diazoacclamide into the red tetrazine dicarboxyhc 
amide Ihe bis diazoacetic acid and pscudo-diazoacetic acid and reaction 
products of these acids are derived from diliydrotetrazine or ammotriazoles 
(Vol II ) (B 39 , 377 ^>) • 

CH, NN CHxMIINH CH NH N CH N— NH, 

I I II I II n or II >CH 

N N CH, N— N=CH N— NH CH N— N 

Dihydrotctrazme Aminotnasole. 

Oxime and Hydraigne derivatives of the Aldo carboxylic Acids. 

Oximidoacetic Acid, Isomtrosoacetic Acid, Glyoxyhc Oxime, HON : CH COOH, 
^ P 143** with decomposition, is prepared from glyoxyhc acid and hydroxyl- 
amine , from dichlor- or dibromacetic acid, hydroxylamme and potassium 
hydroxide solution , and from the hydrolysis of its estei It forms colourless 
needles Isomtrosoacetic Ethyl Ester, m p. 35®, b p ,, in®, consists of deliquescent 
crystals , methyl ester, m p 55®, b p 15 100® , isobutyl ester, b p jq 118®, can be 
prepared from acftoacetic ester by decomposition with nitioxyl sulphuric acid 
Treatment with acetic anhydtide converts isomtrosoacetic ester into cyano^ 
formic ester, NC COjR , N4O4, produces isonitrosomtroacetic ester, HON( 

COjR and an oily substance, probably a peroxide of dioximidosuovimc ester : 
ON-CCO*R 

I I (comp. B 28 , 1216, 87 , 1530. C 1904, II. 195, 1907, I 401) 

ON=CCO,R 

P-Ox^midoproptontc Acid, Formyl Acetic Acid Oxime, HON . CHCH2COOH, 
m p 1 1 7® with decomposition, is prepared from coumaltc acid and hydroxylamme 
(comp. p. 401) (A 264 , 286 , B 25 , 1904) . ^ 

Glyoxyhc Acid Phenylhydrazone, C^HjNHN : CHCOaH mp 1^7® \Mth de- 
composition, IS decomposed by nitrous acid into CO, and phenyl azoformaldoxime, 
CaH^N,: NCH : NOH (J pr Ch [2] 71 , 360) ; ethyl ester, m p 131“. can be dis- 
tilled under reduced pressure (C 1907, I 401) 

Hydrazones of fi-Aldocarboxyhc Acids, such as of formyl acetic acids, and their 
esters very easily part, intramoloculjCHv, with water or alcohol, forming lactam- 
like bodies, knowiw as pyroMolones (Vol. 11 ). In order to indicate the lactam 
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character of such substances, when the lactam-nitrogen is joined to a second 
nitrogen atom in the ring, they have been named lactazams : 


CH.OH 

II . +NH,-NH, ■ 

CH.COjR 

Aci-Formyl 
Acetic Acid. 


CH— NH— NH CH=N— NH 

■II- I or I I 

CH CO CIl, CO 

^ ^ 

Pyra/olone. 


/ 5 -Ketocarboxylic acids (p. 416) also easily form y-lactazams (pyrazolones). 

Hydrazones of the y- and 8 -Aldocarboxylic Acids, 

fi-Formyl Propionic Acid Ester Phenylhydrazone is a non-crystallizable oil ; 
phenylhydrazide, CjHgNU]^ : CHCHjCHjCONHNHC^IIs, m.p. 182°, is prepared 
from aconic acid {q-v.) and excess of phenylhydrazine. When warmed with 
sulphuric acid it yields indole ) 3 -acctic acid (A. 339 , 37^). Similarly, Formyl 
Butyric Acid Phenylhydrazone, C^HjNHN : CHCHjCHjCfljCOOH, yields indole 
/ 3 -propionic acid, which is also formed from tryptophane bv putrefaction (B. 88, 
2884). 

Mucobromic acid (p. 402) and hydrazines form hydrazone anhydrides or h-lacta- 
zams (Pyridazones, Vol. II.) I with hydroxy laniine it gives an oxime anhydride 
{lactazone or orthoxazone, Vol. 11 .) (B. 32 , 534} : 


CBr— CH=N 

II 

CBr—CO— NH 
Dibromopyridazone, 
m.p. Z24*. 


CiBf^n=N 

» I 

CBr— CO— O 
Dibroino-ort hoxazont 
m p. 125®, 


9. KETONIC CARBOXYLIC ACIDS 

These contain both the groups CO and CO2H ; they, therefore, 
show acid and ketone characters with all the specific properties peculiar 
to both. In conformity with the scheme of nomenclature employed 
lor the mono-substituted fatty acids and the various diketones (pp. 
284, 348), we distinguish the groups a-, / 3 -, y-, 8-, etc., among the 
ketocarhoxylic acids : 

The a-, y-, and 8-, etc., acids are fairly stable in a free condition, 
whilst the j 3 -acids can exist only in the form of esters. 

Nomenclature— names of the ketonic acids are usually derived 
from the fatty acids, inasmuch as the acid radicals are introduced into 
these ; e.g . — 

CH3CO.ro, H CHjCO.CHjCO.H CH^CO f HjCHjCOjH 

Acetyl Formic Acid. Acetyl- or Accto-acetic Acid. Acetyl Propionic Acid. 

or these acids may be viewed as ^^to-substitufion pioducts of the 
fatty acids or oxolatty acids (p. 218) : 

CH,.CO.CO,H CH3.r0 CH,CO,H CH, CO.CH,( H,(' 0 ,H 

a-Ketopropionic Acid H-Ketobutync Acid y- 1 ( tovaU nc Acid 

(a-Oxopropiomc Acid). (j^-Oxobutyric Add). (y Ctxuvalcric Acid). 

• The '* Geneva names arc formed by the addition of the wor^l acid " to the 
names of the ketones, as the ketonic acids may be considered as being the oxidation 
products of the latter : 

CHgCOCO,H . CH8C0.CH,C0,H ch,coch,ch,co,h. 

[Pzopanone Acid]. a-Butanone Add]. [3'Pentanone Acid]. 

Formation . — ^The more stable a-, y-, and S-kctonic acids can be 
prepared by the oxidation of the secondary alcohol acids corresponding 
with them. Other methods will be given under the individual classes 
of these acids. 
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Reactions . — ^The ketone nature of these acids exhibits itself in 
numerous reactions, e.g. nascent hydrogen converts all the ketonic 
acids into the corresponding alcohol acids. They unite with alkali 
hydrogen sulphites, with hydroxylamine, and with phenylhydrazine. 


A. SATURATED KETONE CARBOXYLIC ACIDS 

I. a-Eetonio Acids. — R.CO.CO2H. ^ 

In this class the ketone group CO is in direct union with the acid- 
forming carboxyl group, CO2H. We can look upon them as being 
compounds of acid radicals with carboxyl, or as derivatives of formic 
acid, HCO.OH, in which the hydrogen linked to carbon is replaced by 
an acid radical. This view indicates, too, the general synthetic method 
of formation of these acids from (i) the cyanides of acid radicals (p. 
409), which, by the action of concentrated hydrochloric acid, are 
changed to the corresponding ketonic acids : 

CH,.C0.CN+2H,0+HC1=CH,.C0.C0,H+NH4C1. 

(2) A second general method of formation of a-ketonic acids and 
their esters consists in converting a-alkyl acctoacetic esters into the 
a-oximido-fatty acids (p. 410) and decomposing these with nitrosyl 
sulphuric acid (C. 1904, 11. 1706) : 

HNO| 

HONiCRCOOC.Hj > 0;CRC00C,H,+N,0+H,0. 

Pjrroracemic Acid, Pyruvic Acid, Acetyl Formic Acid, [Propanone 
Acid], CH3.CO.CO2H, m.p.+3°, b.p.yeo 165-170® with decomposition, 
b.p.i2 61®, was first obtained in the distillation of tartaric acid, racemic 
acid (Berzelius, 1835) and glyceric acid, (i) The acid is made by the 
distillation of tartaric acid alone (A. 172 , 142) or with jwtassium hydro- 
gen sulphate (B. 14 , 321). We may assume that in this decomposition 
the first product is hydroxymaleic acid, which is converted into 
oxalacetic acid, which then gives up CO2 to form pyroracemic acid : 

CHOHCOjH rOH COaH CO.COtH COCOaH 

I ^ II ^ I I 

CHOHCOaH CH COjH CHaCOjH CH, 

Taitaric Acid. Hydroxymaleic Oxalacetic Pyroracemic 

Acid. Acid. Acid. 

It is synthetically prepared from (2) a-dichloropropionic acid (p. 289), 
when heated with water ; (3) in the oxidation of a-hydroxypropionic 
acid or ordinary lactic acid with potassium permanganate ; (4) by 
the decomposition of oxalacetic ester; (5) from acetyl cyanide by 
the action of hydrochloric acid (p. 409) ; (6) by the oxidation of citra- 
conic and mesaconic acid by KMn04. 

Pyroracemic acid is a liquid, soluble in alcohol, water and ether, 
and has an odour quite similar to that of acetic acid. On boiling at 
atmospheric pressure it decomposes partially into (!02 and pyrotartaric 
acid This change is more readily effected if the acid be heated 

to 100® with hydrochloric acid. 

Reactions. — The acid reduces ammoniacal silver solutions with the production 
of a silver mirror^ the decomposition products being COg and acetic acid* It is 
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2 naiititatively decomposed into these substances by hydrogen perosdde (C. 1904, 
[. 194). When heated with dilute sulphuric acid to 150** it splits up into CO| 
and ^dehyde, CHa.COH. This ready separation of aldehyde accounts for the 
ease with which pyroracemic acid enters into various condensations, e.g. the 
formation of crotonic acid by the action of acetic anhydride (p. 291) (B. 18, 987, 
and 19, 1089), and the condensations with dimethyl aniline and phenols in the 
presence of ZnCl^. The acid condenses with the benzene hydrocarbons, in the 
presence of sulphuric acid, without decomposition (B. 14, 1595 ; 16, 2072). (See 
also. Acetone Pyroracemic Acid.) 

Pyruvic acid forms crystalline compounds with the alkali hydrogen sulphites, 
in which it resembles the ^ketones. Nascent hydrogen (Zn and HCl, or HI) 
changes it to ordinary a-lactic acid, CH8CH(0H)C02H, and dimethyl racemic 
acid (comp. Glyoxy lie Acid, p. 400). HjS passed through pyroracemic acid 
produces ihiodilactic acid, S[C(CH8)(OH)COOH]|, m.p. 94®, which is easily 
decomposed into its components (C. 1903, I, 16}. Mercaptans, e.g. phenyl** 
mercaptan, combine with pyroracemic acid to form CHaC(OH)(SCeH,)CO'aH 
(B. 28, 263). Pyroracemic ester, mercaptan and hydrochloric acid react together 
to form the mcrcaptol CH8.C(SCjH5)aC02C2H5, which on oxidation passes into 
CH8C(S02GaH8)*COaC2H5, m.p. 61® (B. 32, 2804). 

For the beha^riour of pyroracemic acid with NH„ NHjOH, CaHjNHNH*, see 
“ Nitrogen derivatives of the a-ketonic acids." It cojubines with HNC to form 
the half-nitrile of o-hydroxyiso-succinic acid. 

The change of pyroracemic acid on boiling with barium hydroxide 
solution into ^ivitic acid, C,H3[i,3,5](CHs)(C08H)8 (Vol. II.) and uvtc acid or 
pyrotritaric acid (Vol. II.), is noteworthy. The first step is the separation of 
oxalic acid with the formation of methyl dihydrotrimesic acid ; then, CO, is 
given off and dihydrouvitic acid results ; finally, oxidation produces uvitic acid 
(A. 305, 125). These intermediate compounds can be avoided by condensing 
pyroracemic acid with acetaldehyde, a reaction which is of general application. 
For the condensatign of pyroracemic acid with formaldehyde, see tetramethylene 
dioxalic acid (Vol. II.). 

On standing, a slow aldol-like condensation takes place, which can be accele- 
rated by the presence of hydrochloric acid, whereby two molecules of pyroracemic 

COOH.C(CH,)— O 

acid unite to form a-ketovalcrolactone y-carboxylic acid, I 

CHj.CO.CO 

{q.v . ). Heated with hydrochloric acid this substance gives up CO*, and pyrotartaric 
acid is formed (see also C. 1904, II. 1453). The salts of pyroracemic acid are caused 
to undergo polymerization by the action of alkalis to salts of para- pyroracemic acid 
and meta-pyroracemic acid (A. 317, i ; 319, 121 ; C. 1901, II. 1262 ; 1903, I. 16). 

Pyroracemic Ethyl Ester, m.p. 146® ; acetal, CH8C(0jC*H,)a.C02CaH5, b.p. 
190® (see also a-ethoxy acrylic ester, p. 397). 

Halogen Substitution Products of Pyroracemio Acid. — Trichloropyroracemic 
Acid, Isotrichloroglyceric Acid, CCl8.CO.CO*H+HaO=CCl3.C(OH)2COOH, m.p. 
102®, is produced (i) when KCIO, and HCl act on gallic acid and salicylic 
acid ; (2) by the action of chlorine water on chlorofumaric acid (B. 26, 656) ; 
(3) from trichloracetyl cyanide. 

Substitution products result by heating the acid with bromine and water to 
roo®. Dtbromopyruvic Acid, CBraHC(On)gCOtH-f HjO, m.p. 89®, anhydrous. 
Tnbomopyruvic Acid. m.p. 90®, anhydrous. Heated 

with water or ammonia, it breaks up into bromoform, CHBr,, and oxalic acid. 
Homologues of Pyroracemic Acid, Homopyroracemic Adds. 

Propionyl Formic Acid, CH.CHjCO.COOH, b.p.,5 74-78®, is also obtained by 
the transformation of vinyl glycollic acid (p. 397) ; ethyl ester, b.p. 162" (C. 1904, 
II. 1706). Butyryl Formic Acid, CHaCH,CH,CO.CO,H, b.p.,, 115® ; ethyl ester, 
72-77^ produced from a-oximidovalcric ester (mode of formation No. 2, 
p. 407). Dimethyl Pyroracemic Acid, (CH,),CHCO.COOH. m.p. 31®, b.p.j^ 66®, is 
produced by the cleaving action of hydrochloric acid on dimcthyl-2-amino-acrylic 
acid (p. 399) (C. 1^2, I. 251). Tnmethyl Pyroracemic And, (CIl3)gC.CO.COOH, 
m.p. 90®, b.p. 185®, results when pinacoline is oxidized with KMnO. (B. 23, 
R.21 ; C.1898, 1.202). Isobutyl Pyroracemic Add, 

iiLp. 22®, is obtained from isobutyl citraconic acid and isobutyl mesaconic acid 
(A* 805, 60) ; ethyl ester, b.p.n 74®, is prepared from a-oximidoisocaproio estcf 
(C 1,04, 11. 1737 : 1006. II. 1824). « 
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NITROGEN DERIVATIVES OF THE a-K£TONIC ACIDS 

(1) Carboxyl Cyanides a Ketone Nitriles result on heating acid chlondea or 
bromides with silver cyanide . 

C,HjO Cl+AgNC=C,H,0 CN+AgCl . 

and when the aldoximcs of the a-aldehyde ketones are treated with dehydrating 
agents^ such as acetic anhydride (p 353) (B 20 ^ 2196) . 

CHa CO CH NOH=CHa CO.CN+HaO. 

The acid cyanides are not very stable, and, unhke the alkyl cyanides, are con- 
verted by water or alkalis into their corresponding acids and hydrogen cyanide, 

CHaCO CN f-HaO^CHaCO OH+HNC 

With concentrated hydrochloiic acid, on the contrary, they undergo a transposi- 
tion similar to thit of the alkyl cyanides (p 280), m which water is absorbed, 
and the amides of the a-ketonic acids are intermediate products {Clatsen) . 


H«o 


CH3COCN - 


->CiI,COCONHa 


HgO 


HCl 


-> CHaCOCOOH +NHaa. 


Aeetyl Cyanide, CHsCO CN, bp 93® When preserved for some time, or 
by the ac Lion of KOH or sodium, it is transformed into Dtacetyl Cyanide, 
CalljOaNj m p 69®, b p 208® which can also be prepared from acetic anhydride, 
potassium cyanide and hydrochloric acid in ether at o® Hydrolysis converts it 
into methyl tartronie acid, piobably according to the following scheme (M. 16» 
773) — 

CHj. CH3V /OCOCHa CHav yOH 

2 >LO ycC >■ yee -fHO.COCHa 

NC^ Vn HOCO"^ VoOH 

Diacotyl Cyanide. Methyl Tartronie Acid. 

Pyruvic Nitrile, Pro/)* CHgCHaCOCN, b p 108-110® Dtproptonyl 
Cyanide, (CalljLX Nlj m p 50“ and b p 200—210®, behaves like diacetyl cyanide 
(B 26 , R 372) Butyryl Cyanide, C aH^COCN, bp 133-137®, and isobtUyryl 
cyanide CaIl7Cl^rN, bp iis 120 , polymerize readily to dicyanides, which pass 
into alkyl tartronie acids on treatment with hydrochloiic acid 

Pyroracemic Amide CHgCOCONHa. mp 124® Propionyl Formamide, 
CallftCO CONI 1 2 m p 116® is iiroduced from a-ketone nitriles and concentrated 
hydrochloric acid (13 13 , 2121) 

Pvruvyl ethyl lm,.dochloYide CH3COCCI NCallg is a yellowish oil produced 
by 1 ir iinum of ehloraectyl \Mtn ethylisocyanide (A 289 , 298) 

PyvHvyl Hydroximtc Chloride, Chlonsonitrosoacetone, CH^COC(NOH)Cl, m p. 
105° lb formed : 

J >y the action of nitric acid on chloracetone ; 

By the action of chlorine on isonitrosoacctone ; 

^\hcn hydrochloiic acid lelb on Pyruvyl Nitrolic And, Acetyl Methyl Nitrolic 
Acid ( HgCO C(^NOH)ONO or CII 3 CO C(=NOH)NOa — the product resulting 
trom the action of nitric acid on acetone (A 809 , 241) The oxime, CHjC- 
NOH C( N0H)0 NO, m p 97® with decomposition 

(2) Behaviour of Ammo^na and Aniline with Pyroracemic Acid — The 
ammonium salt, like the othci alkili salts, undergoes condensation m neutral or 
alkaline solution At first an ammo ketone dicarboxylic acid is formed which 
lose s formic acid and passes into uvitomc acid, a picolme dicarboxylic acid (C i 9 <> 4 « 
II 192)- 

CH3C(COOH)NHa COCOjH CHaC C COOH 

2 CH 3 C 0 C 03 NH 4 -> I + 1 II I 

CHgCO(CO,H> CH. CH C(COOH) CH 


,CO(COgH) CH, 


gH C(COOH) i 


Aniline and pyroracemic acid produce aml-pyruvtnic acid, C3H5N ' C(CH,)- 
COOH, m p 126°, with decomposition, which undergoes .1 similar condensatioa 
with a further molecule of pyroracemic acid to form a methyl cinchonic aci4i 
forming anil uvitomc acid (Vol II ) 

In acid solution one molecule of NH, and two of pyroracemic acid unites fo 
form fnnnodilactic^ aetd (comp. Thiodilactic Acid, p. 408), with th» probaldo 
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formation oi intermediate compounds. On losing CO« it ionns acetvl alanine 

(p. 388) (C. 1904. II. 193): ^ 


CH,C(COOH)(OH)NHC(OH)(CH,)COOH — > CH,CONH.CH(CH,)CO,H. 

(3) orOximido-fatty Acids or oximes oi the a-ketone acids are formed (a) by 
the action of NH^OH on a-ketone acids ; {h) by the interaction of mono>alkyl 
acetoacetic acid and nitrous acid, alkyl ni^tes, nitrosyl sulphuric acid or nitrosyl 
chloride (B. 11, 693 ; 15, 1527 : C. 1904. II. 1457. 1706) : 


CH,COCH(CH j)CO,R +HO,SONO 


CH,CO,SO,H+HON;C(CH,)CO,R 


Further action of nitrous aiid converts the a-oximido-eslers into a-ketone esters 
(p. 407). Acetic anhydride causes the splitting ofi of water and CO, with 
formation of acid nitriles. 

a-Oximidoproptonic Acid, Jsonitrosopropionic Actd, CH,Cs=N(OH).CO,H, 
decomposes at 177® : methyl ester, m.p. 69®, 123° ; ethyl ester, CH,C== 

N{OH)CO,C,H„ m.p. 94®. b.p. 238® (B. 27, R. 470) ; amide, CH,.C : N(OH)- 
CONH,, m.p. 174® (B. 28, R. 766 ; C. 1904* ^457)- a-Oximidobutyric Acid, 

CHs.CHsC = (NOH)COtH. a-Oximido valerianic acid, and a number of other homo- 
logues and their esters have also been prepared. a-Oximido-Dibromopyroracemic 
Acid has been obtained in two modifications (B. 25, ^04). 

NHv 

(4) Hydrasipropionic Ethyl Ester, ^^^(CH,)CO,C,H,. m.p. 1x6® (J. pr. Ch. 

[2] 44, 554), results from pyroracemic acid and hydrazine. Mercuric oxide 
converts its methyl ester into a-diazopropionic methyl ester. 

(5) a-Diaxopropionic Ester, 0^(CH,)CO,C,H„ b.p.41 65-68®. is obtained 


from the hydrochloride of alanine ethyl ester by the action of KNOj. It is a 
yellow oil, which is partially decomposed, by distillation at ordinary pressure, into 
dimethyl fumaric ethyl ester. a-Diaxobutyric Ester, b.p.j, 03-65®, and a-Dtaxo- 
isocaproic Ester, b.p-i, 70-73®, both resemble diazoacctic ester (p. 403) in their 
behaviour, but are more easily decomposed, and are therefore more difficult to 
obtain pure (B. 37, 1261). 

(6) Phenylhydraxone Pyroracemic Acid, CHjC(=NNHC4H4)CO,H, m.p. about 
192® with decomposition, is not only formed by the action of phenylhydrazine 
on pyroracemic acid (B. 21, 984), but also in the saponification of the reaction- 
product from diazobenzene chloride and methyl acetoacetic ester (B. 20, 2942, 
3398 ; 21, 15 ; A. 278, 285 ; C. 1901, II. 212). 

Pyroracemic ethyl ester yields two isomers with phenylhydrazine, which are 
separable by chloroform : phenylhydraxones, m.p. 32® and 119® (C. 1900, II. 1150). 

(7) Semicarbaxones of the a-Ketonic Acids, NH,C0.NHN:CRC0,H, and 
their esters, see C. 1904, II. 1706, etc. 


II. j3-Ketonio Acids. 

In the j 8 -ketonic acids the ketone oxygen atom is attached to the 
second carbon atom, counting from the carboxyl group forward. 
These compounds are veiy unstable either in the free state or as salts. 
Heat decomposes them into carbon dioxide and ketones. The CO 
and CO 2 H groups are attached to the same carbon atom, and, in this 
respect, direct attention to malonic acid and its mono- and di- sub- 
stitution products (see later), in which two carboxylic groups arc 
attached to the same carbon atom ; they also give off CO, when heated. 
Their esters, on thfwother hand, are very stable, can be distilled without 
decomposition, and serve for various and innumerable syntheses. 

Aoetoaoetic Acid, Acetyl Acetic Add, Acetone Monocarboxylic Acid, 
^•Ketobutyric Add [ 3 -Butanone Acid], CH5.CO.CH2.CO2H. To 
obtain the acid, the esters arc hydrolyzed in the cold by dilute potas- 
sium hydroxide solution (the rate of hydrolysis is independent of the 
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concentration : B. 82 , 3390 ; 88, 1140) ; the add is liberated «dth 
sulphuric acid, and the solution shaken with ether (B. 15 , 1781 ; 16 , 
830). Concentrated over sulphuric acid, acetoacetic acid is a thick 
liquid, strongly add, and miscible with water. When heated, it yields 
carbon dioxide and acetone : 

CH,CO.CH,CO,H =CH,CO.CH, +CO,. 

Nitrous acid converts it at once into CO, and isonitroso-acetone (p. 354). Its 
salts are not very stable ; it is difficult to obtain th^ pure, since they undergo 
changes similar to those of the acid. Ferric chloride imparts to them, and also 
to the esters, a violct-red coloration. Occasionally the sodium or calcium salt 
is found in urine (B. 16 , 2134 » C. 1900, II. 345). 

The homologous ^-Ketone acids can also be prepared by the hydrolysis of 
their esters with hot concentrated sulphuric acid : the resulting liquid may 
contain the sulphates of the act- and enol forms : RC(OSO,H)CHCO,H. The 
free acids, like acetoacetic acid itself, easily decompose into CO, and ketones 
(C. 1904, II. 1707). 

The stable acetoacetic esters, CH3CO.CH2CO2R, are produced 
by the action of metallic sodium on acetic esters. In this reaction 
the sodium compounds constitute the first product : 

2Cn,COOC,lI,+Na, CH,CONaCHCOOC,H5+C,H,ONa+H,. 

Acetic Ester. Sodium Acetoacetic Ester. 

The free esters result upon treating their sodium compounds with 
acids, e,g. acetic acid, 

CH,CONaCHCO,C,H6+CH,CO,H > CH,COCH,COOC,H,+CH,CO,Na 

and are obtained pure by distillation. 

The acetoacetic esters are liquids, which dissolve with difficulty 
in water, and possess an ethereal odour. They can be distilled without 
decomposition. 

The esters of acetoacetic acid, contrary to expectation, possess an 
acid-like character. They dissolve in alkalis, forming salt-like com- 
pounds ill which a hydrogen atom is replaced by metals. 

Historical. — In 1863 Geuther investigated the action of sodium on acetic ester. 
Simultaneously and quite independently of Geuther, Frankland and Duppa, in con- 
cluding their studies upon the action of zinc and alkyl iodides on oxalic ether 
(p- 35^)> investigated the action of sodium and alkyl iodides on acetic ester. 
J. Wishccntis has contributed very materially to the explanation of the reactions 
here involved (1877), A. 186 , 161. 

Constitution. — The fl-ketone acids belong to the same class of .substances 
which includes the ^-ketone aldehydes, / 3 -diketones (p. 348), and /3-aldo- 
carboxylic acids (p. 401), namely those which occur in desmotropic or pseudo- 
meric form (comp. p. 38) ; e.g. acetoacetic ester : 

CH,CO.CH,COOH < CH,C(OH):CHCOOH 

/i-Ketobutyric Acid. /i-Hydroxycrotonic Acid. 

CH,CO.CH,COOC,H, < > CH,C(OH):CH.COOC,H, 

Acetoacetic Ester. Ad-AcetoacetJe Ester. 

» 

JEvldence for the Ketonle ebaraeter of free Acetoacetic Ester. 

The esters of / 3 -aldocarboxylic acids, such as formyl acetic ester, show their 
constitution to be of the aci-form, and that therefore they must be considered ae 
being hydroxy methylene compounds ; the free acetoacetic ester, however, is 
best expressed the formula. CH,COCH,COOC,H|. This substance^ with 
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orthoformic ester, gives an acetal, jS-diethoxybutyric ester — CHaC(OCaHg)^ 
CHfCOOCsHs, thus behaving like the simple ketones (p. 225). 

The physical properties of the ester, its refraction (B. 81 , 1964), molecular 
rotation and behaviour towards electric waves, all point to a ketonic con- 
stitution. 

Sodium aeetoacetic ester was formerly also considered to possess the same 
structure and received the formula CH3CO — CHNaCOOC2H5, because its reaction 
with alkyl and acyl halides always yielded a C-dcrivative, CHaCOCIiR.COOCjHj. 
The first example of a diiterent course of reaction was found in the formation of 
an O-dcrivative, jS-rarboxethyl hydroxycrotonic ester, CH3C(0C02C2H,) 
CHCOaCjH,, from sodium aeetoacetic ester and chlorocarbonic ester {Michael, 
J. pr. Ch. [2] 37 , 473 ; Claisen, B. 25 , 1760, A. 277 , 64). It has, however, 
already been pointed out (p. 40) that substances which occur in the forms 
(i) — C0.CH2,C0 — , and (2) — C.CH : C(OH) — , only form salts directly accord- 
ing to the second formula. This occurs by the action of alkalis on the first 
substance, and aeetoacetic ester can be taken as an example of this : 

CH3COCH2COOC2H5+NaOH=CHaC(ONa) : CH.COOCjHs + HaO. 

These views on the varying structure of aeetoacetic ester are confirmed by 
investigations on the refraction of the two forms (Bruhl and Schroder, B. 28 , 220, 
1870). • 

In the majority of cases of reaction between sodium aeetoacetic ester with 
alkyl and acyl lialides, the invading group enters another position than of the 
metallic atom, l^or the explanation of such “ abnormal reactions see Michael, 
J. pr. Ch. [2] 37 , 473. etc. (also p. 413). 

As the )8-ketonic acids are so very unstable, their more stable esters 
are employed in their study. These can be made according to the 
following reactions : 


. Pormation of Aeetoacetic Ester and its Homologues. 

(i) By the action of sodium or sodium alcoholate on acetic ester. 
These reagents act similarly on propionic ester, with the formation 
of a-propionyl propionic ester, CH3CH2C0.CH(CH3)C02C2H5. 

However, when sodium acts on normal butyric ester, isobutyric ester and 
isovaleric ester, it is not the analogous bodies which result, but hydroxy-alkyl 
derivatives of higher fatty acids (A. 249 , 54). 

The reaction between sodium and acetic ester only takes place in 
the presence of a trace of alcohol, with which the sodium can combine 
to form the alcoholate (B. 3 , 305). It must be assumed, therefore, 
that the condensation is brought about by the actiem of sodium ethoxide, 
which causes the splitting off of alcohol : 

2CHsCOOC2H3-hNaOCaH3*=CH,C(ONa):rHCOOCaH,4-2C,H,OH; 

which unites with excess of sodium to form a further quantity of 
alcoholate. The synthesis can actually be carried out when separately 
prepared sodium ethoxide is employed instead of metallic sodium, 
the 5deld being only slightly inferior {Claisen, piivate communication). 
Sodium amide can also be employed (B. 35, 2321 ; 38 , 694). 

If, however, sodium be made to act on the ester in ether or benzene 
solution, there results the sodium salt of an acyloin (p. 341). On the 
directive influence on the course of reaction exerted by the nature of 
the solvent, see C. 1907, II. 30. ^ 



PARAFFIN KETONE CARBOXYLIC ACIDS 


413 


The first step m the s3mthesis can be taken as being the formation 
of a compound : 

NaO>^^OC,H, “ 

(the latter perhaps resulting from the former by the loss of alcohol). 
The ortho-denvative then reacts with the still unchanged ester ; 


CH 

NaO 


jv /OCjHj 

XC + >CHCOOC,H,= >:CMC00C,H,+2C,H,0H, 
V Nx.H. W NaO/ ^ 


or else, a molecule of the ester and a molecule of the sodium ester 
unite and then split off alcohol : 


< C.H, CH,*^ r /OC,H, CH,^ -I 

+NaO-COC,H, > j^CH,r^— O COC,H,J 


yOCjH, -CjHgOH 

CH,Cf CH,— COC,H, >-CH,C=CH— COCjH, 

• X)Na <y^ '^ONj 


(Comp Clatsen and Michael A 297 , 92 , B 36 , 3678 , 38 , 714, I934 ) Both 
issumptions coincide equally well with the fact that fattv acid esters do not 
condense an ilogously to the abo\ e with secondary and tertiary alkyl groups 


(2) The interaction between the sodium compound of acetoacetic 
ester, and of mono ethyl acetoacetic ester, with alkyl halides, especially 
the iodide and bromide, results in the formation of homologous esters. 

An examination of the stiuctural formula foi the acetoacetic ester 
reveals that only one hydiogen is replaceable by sodium. The metallic 
compound n acts with the halogen alkyl, whereby the sodium salt is 
formed and the alkyl group becomes attached to the a-C atom. 

(a) CjUsOCO CH CH, CgHjOCO CH CH, 

II + I - I +NaI 

CH,-CONa I (H,— CO 

Sodium Acetoacetic Ister a Methyl Acetoacetic Ester 


The mono-alkyl substituted ester can take up an atom of sodium and 
again react as above : 

(6) C,H,OCO— CCH, C,H, CtHsOCO— C(CH,)C,H, 

II hi = I +NaI. 

CIT,— CONa I CH .-(0 

« Methyl Sodium Acetoacetic Methyl Fthyl Acetoaoetie 

Ester Ldver 


The a-dialkyl acetoacetic esters do not take up a further quantity 
of sodium. 

Preparation of Acetoacetic E^ter and the Alkyl Acetoacetic Esters — Sixty parts 
of metallic sodium are gradually dissolved in 2000 parts of pure ethyl acetic ester, 
and the excess of the latter is distilled off On cooling, tlu mass solidifies to a 
mixture of sodium acetoacetic ester and sodium ctdioxide The remaining 
liquid is mixed with acetic acid (50 per cent ) m slight excess The oil separated 
and floating on the surface of the water is siphoned off, dehydrated A^ith calcium 
chloride, and fractionated (A 186 , 214 and 213 , 137) For the preparation of 
the dry sodium compound, see A 201 , 143 

For the preparation of the alkyl acetoacetic esters according to the second 
method, it IS not necessary to prepare pure sodium compounds To the aceto- 
acetic ester dissolved in 10 times its volume of absolute alcohol is added an 
equivalent amoupt of sodium and then the alkyl iodide, after which heat 19 
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apphed *To introduce a second alkyl an equivalent quantity of the sodium 
alcoholate and the alkyl iodide are again employed (A 186 , 220 . 192 , X53 . C 

X904, II 309) In some cases sodium 
hydroxide may be substituted for sodium 
etlioxide m these syntheses (A 250 , 123 
comp B 33,2679) 

Or, sodium may be allowed to act on the 
sodium acetoacetic ester dissolved in some 
indifferent solvent e g ether, benzene, 
toluene xylene lo get the sodium in a 
fanely divided form so that it may act with 
a perfectly untarnished surface it is forced 
through a sodium press ( h ig i x ) into the diluent 
or solvent In order that a known quantity 
of sodium wire shall be employed a finely- 
divided and adjustable brass scale is attached 
to the frame of the press whilst the plunger 
carries a pointer After the quantity of 
sodium expressed corresponding with the di 
vision on the scale, has once and for all been 
determined the amount of metal employed 
can always be controlled {H Meerwein and 
6 Schroeter private communic ition also 
Kossel C 1902, II 718 ) Ihc choice of the 
mdilfcrent solvent depends on the gieiter or 
less difficulty with which the halo^tn atom 
IS displaced In many such reactions it is 
necessary to heat the substance s togi thcr for 
days at the boiling point of the solvent 
(comp A 259 , 181) 

(3) The C acyl acetoacetic ester can be employed in the formation of homo 
logons acyl esters it is carefully heated with alkali whereby an acetyl group is 
split off (C 19:12 II 1410) 

NaOH 

CH,CHjCH 2COCH(COCH,)COOR CH,CHa( llaCOrHjCOaR 

C Butyl Acetoacetic Ester Butyl Acetic Ester 

The action of lodo alkyl and sodium acoholate on theC acyl accto'icctic ester 
IS to split off the acetyl group as acetic ester and replace it by alkyl (C 1904, 
11 25) 

(4) A further general method for the synthesis of /3 ketonr irid esters consists 
in the action of magnesium on a bromo f itty acid estcis* in ethereal solution 
(B 41,589 354 ) 



Fig XI 


(CHa) 


Oi^aH,+2Mg- 




H,0 


BrMi,^ 

(CH,) 

Isobutyl Isobutync Ester 


OMgBr 

\.(tH,),CO,C,H, 


“V -COr(CH,),CO,C,H, 


+MBBr, 4 -MgO=C,H,OH 

(5) A further synthesis depends on the action of metallo organic compounds 
on mtnles 

(a) Acid nitriles are condensed with a bromo fatty esters by zinc, and the 
product 15 decomposed with water (C X901, 1 724) 

/ZnBr ^NZnBr 


Btttyronitrile. 


HaO 


X (CH,),CO,R 

ftutyl Isobutync Bstsr 
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REACTIONS OF THE i9-KETONIC ESTERS 

(6) The condensation of cyanacetic ester with nutgnesium alkyl iodides 
and subsequent action of water also prodnces jS-ketone^id esters (C. 1901, 
I- 1*95) : 

IHgCiH, H,0 

N;CCH,CO,R ^C,H,C(: NMgI)CH|CO,R M:,H,C0CH,C0»R. 

Cjranacetic Ester. Propioayl Acetic Ester. 

(6) The higher esters can also be prepared by the action of ferric chloride on 

acid chlorides, whereby a ketonic acid chloride is first formed. Water causes the 
loss of CO,, forming a ketone (p. 218), but the action of alcohol is^to produce the 
ketonic acid ester (Hamonet, B. 22, R. 766) : ^ 

— HCI C,H,OH ✓CH, 

aC.HeCOCl > C,H,COCH< > C,H,COCH<; 

^COCl ^COOC,H, 

Propionyl Chloride. «-Propioiiyl Propionic Ester. 

The higher chlorides, such as butyryl and oenanthylic, can be employed in 
this reaction. 

(7) When a-acetylene carboxylic acids are boiled with alcoholic potassium 
hydroxide, water is taken up and /3-acyl acetic acids result. By esterification 
with alcohol and mineral acids at 0°, the p-ketonic acid esters are formed (C. 1903, 
I. 1018) : 

H,0 

> C,H„CO.CH,CO,H ^ C,H„CO.CH,COOC,H, 

Hexyl Propiolic Acid. Hepto>acetic Ester. 

(8) Finally, certain syntheses have been performed, in isolated cases, from 
aldehydes and diazoacetic ester (p. 405) (B. 40, 3000) : 

CCl,CHO-fN,CHCO,C,H, > CCl,CO.CH,CO,C,H,-|-N,. 


Reactions of the fi-Ketonic Esters. 

(la) On licating the mono- or di-alkyl acetoacetic esters with 
alkalis in dilute aqueous or alcoholic solution, or with barium hydroxide, 
they decompose after the manner of acetoacetic esters (p. 417), forming 
ketones {alkyl acetones) {ketone decomposition) : 


CH,CHCO,C,H, CH,CH, 

I +2R0H= I +K,CO,-fC,H,OH 

COCH, COCH, 

(CH,),CCO,C,H, (CH,),CH 

I +2K0H= I +K,CO,-hC,H,OH. 

COCH, COCH, 

(16) At the same time another cleavage takes place, by which 
mono- and di-alkylacetic acids are formed along with acetic acid (acid 
decomposition) : 


CH,.CHCO,C,H, CH,CH,CO,K 

I -h2KOH= -l-C,H,OH 

COCH, CH,CO,K 

(CH,),C.CO,C,H, (CH,),CHCO,K 

I -f-2KOH= -fC,H,OH 

COCH, CH,CO,K 


Both of these reactions, in which decomposition occurs (the cleavage of ketone 
and of acid), usually take place simultaneously. In using dilute potassium or 
barium hydroxide solution, the ketone-decomposition predominates, whereas, 
with very concentrated alcoholic potassium hydroxide, the acid-decomposition 
mainly takes place (/. WisHcenus, A. 190, 276). The production of ketone, with 
elimination of CO,, occurs almost exclusivdy on boiling with sulphuric or hydro- 
chloric acid (z part icid and 2 parts water). 
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This £reaking-down of the mono- and di-alkyl acetoacetic esters is the basis 
of the application of these bodies in the production of mono- and di-alkyl acetones 
(p. a 1 8), as well as mono- and dialkyl acetic acids. 


(ic) The decomposition of mono- and di-alkyl-acetoacetic esters 
into mono- and di-acetic esters can be carried out directly and com- 
pletely by boiling with sodium ethoxide solution (es^er decompositiofC) 
(B. 889 2670 ; 41 , 1260) : 

CH3CO.C(CH3),r.O,R+ROH=CH8CO,R4-(CHs)2CHCO,R. 

(2) The acetoacetic esters are converted by nascent hydrogen 
(sodium amalgam) into the corresponding j8-hydioxy-acids (p. 358) : 

CH3C0.CH3C03C3H8+H3+H,0=CHaCH(0H).CH3C03H+C,H50H. 


They are hydrolyzed at the same time. 

(3) Chlorine and bromine produce halogen substitution products of the aceto- 
acetic esters. 

(4) PCI 5 replaces the oxygen of the ) 5 -CO group by 2 alums of chlorine. The 
chloride, CH3CCl2.CHaCOCl, readily loses hydrochloiic acid and yields two 
chlorocrotonic acids (p. 295)* 

(5) Orthoformic ester replaces the oxygen of the j8-CO group by two ethoxy- 
groups producing )3-dicthyl butyric ester, which readily splits otf alcohol and 
yields ]S-ethoxycrotonic ester (p. 418). 

(6) Ammonia, aniline, hydrazine and phenylhydrazine acting on acetoacetic 
ester produce the imine, anilide, hydrazone and phenylhydrazone, which can also 
be looked on as being respectively / 5 -amino-, jS-anilino-, jS-hydrazino-, and /8- 
phenylhydrazino-crotonic esters. The acetoacetic ester forms tlic scnucarbazide 
with semicarbazone, and the oxime with hydroxylamine (B. 38 , 2731). The 
hydrazoncs and oximes of the j8-ketonic esters easily give up alcohol and become 
converted into cyclic derivatives — lactazams and laciazones (comp. p. 406), 
usually known as pyrazolones and tsoxazoles : 


C.H^N- 


-N 


CO.CH2CCH, 
Phenyl Methyl Pyrazolone. 


0 N 

1 II 

CO.CH,.C.CH, 
Methyl Isotazolc. 


One molecule of hydrazine converts acetoacetic ester into the azine, 
(C3H,q 02) : N— N : (CjHj^Oj), m.p. 48®, which an exce-^s of hydrazine easily 
transforms into two molecules of methyl pyrazolone (B. 37 , 2820 ; 38 , 3036). 

(7) Nitric oxide and sodium ethoxide change sodium acetoncctic ester into 
the disodium derivative of isonitramine acetoacetic ester (A. 300 , 89) : 


CO.CjHgv COjC.HftV yN202Nd 

>CHNa+ 2 N 0 -hC,H 50 Na= -fCjHsOH. 

CK.CO^ CHaCO^ ^Na 

(8) Nitrous acid changes the non-alkylated acetoacetic ester to the isonitroso- 
dcrivatives, CH,C0.C(N.0H)C02R, which readily break up into isonitroso- 
acetone, COa and alcohols (see below). Nitrous acid, acting on mono-alkyl 
acetoacetic esters, displaces the acetyl group and leads to the formation of 
a-isonitroso-fatty acids (p. 410), whereas the free monoalkyl acetoacetic esters, 
under like treatment, split otf CO3 and yield isonitroso-kctoncs (p. 354). 

(9) Benzene diazc-salts act on acetoacetic ester similarly to nitrous acid 
(B. 21 , 549: A. 247 ^ 217 ). 

(10) Diazomethane converts acetoacetic ester into p-methoxy-crotonic ester 
(p, 418) (B. 28 , 1626). 

7 x I ) An important reaction is the union of acetoacetic ester with urea, when 

NH-CO~NH 

water is eliminated and Methyl Uracil, | I . is formed. This is 

CHa.C CH-CO 

the pe^nt substance in the synthesis of uric acid * 
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(12) Amidines convert acetoacetic ester into pyrimidine compounds [Vol. II.). 

(13) The action of sulphur chlondc or thionyl chloride on acetoacenc.ester is 
to produce thiodiacetoacetic ester S[CH(COCH9)COaCtH,]| (B. 89, 3255). 

Nucleus-synthetic Reactions, 

(1) Heated alone, acetoacetic ester is changed to dehydracetic acid (^.v.), the 
8-lactone of an unsaturated 8-hydroxy-diketone carboxylic acid. 

(2) The action of sulphuric acid causes acetoacetic ester to pass into a con- 
densation product, isodehydracetic acid, the 8-lactone of an unsaturated 
8-hydroxy-dicarboxylic acid. 

(3) Hydrocyanic acid unites with acetoacetic fhter, forming the nitrile of 
a-methyl malic ester. 

(4) (For the action of magnesium alkyl iodides on acetoacetic ester, comp. 
C. 1902. I. 1197.) 

The nucleus-synthetic reactions of sodium acetoacetic ester and 
copper acetoacetic ester are far more numerous. 

(5) It lias been repeatedly mentioned that the sodium acetoacetic 
esters could be applied in the building-up of the mono- and di-alkyl 
acetoacetic esters, an4 also, therefore, in the preparation of mono- 
and di-alkyl acetones, as well as mono- and di-alkyl acetic acids. 

(6) Iodine converts sodium dcetoacctic ester into diacetosuccinic ester : 

CII,CO.CHCO,C,H, 

CH,CO.CHCO,C,H,‘ 

This body is also produced in the electrolysis of sodium acetoacetic ester (B. 28, 

R. 452) 

(7) Chloroform and sodium acetoacetic ester unite to form hyArox3ruvitic 
acid, C,Hj(CH3)(OH)(COtH),. 

(8) Furthermore, monochlor acetone, cyanogen chloride, acid halides, 
and monohalogen suhstituhon products of mono- and di-carboxylic esters 
react witli sodium acetoacetic ester. Copper acetoacetic ester is most 
advantageously used with phosgene (B. 19 , 19). (For greater detail 
see below.) 

(9) Aldehydes, eg. acetaldehyde, and acetoacetic ester unite to form ethyl- 
idcnc mono- and ethylidonc bisacetoacctic esters. The latter y-diketones espe- 
cially are important, because by an intiamolecular change, causing the loss 
of water from CO and CH3, they condense to keto-hydrobenzene derivatives 
( \ 288, 323), and with ammonia yield hvdropyridme bodies. Acetone condenses 
vkilh acetoacetic ester, forming isopropylidene acetoacetic ester (p. 425) (B. 30, 
4S1). 

(10) Acetoacetic ester condenses similarly with orthoformic ester to the 
ethoxymethylene derivative (C.HgOj) : CHOCgH,, and to the methylene deriva- 
tive (CgHgOg) : CH.(CgHgO,) (13. 26, 2729). 

^i) Dicyanogen unites with sodium acetoacetic ester, forming the sodium 
compound of u-acetyl p-cyano-fi-tmincpropionic ester, and of Uia-diacetyl pifi- 
dtimtno-adipic ester (B. 35, 4142) : 

CN.C(NH)CH<^^“» . ‘^^^^>CH.C(NH).C(NH).CH<:^3^^’' 

(12) Phenols condense with acetoacetic ester to form jeoumarines (Vol. II.) 
(B 29, 1794) ; guinones (Vol. II.) form cumarones. * 

Acetoacetic Ethyl Ester, Acetoacetic Ester, CeHioOs=CH8CO.CH,- 
COgC,!!,, b.p.7gQ i8i“, b.p.i2 72®, is a pleasantly smelling liquid, 
Djm)='I’ 0256. The ester is only slightly soluble in water, it dutihl 
readily in stcam^ Ferric chloride colours it violet. 

VOX.. I.. 
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Boiling alkalis or acids convert the ester into acetone, carbon 
dioxide and alcohol. In addition to its formation by the action of 
sodium, sodium amide, or sodium ethoxide on acetic ethyl ester, 
it results by the partial decomposition of acetone dicarhoxylic ester 
(q.v.), CO2C2H6.CH2COCH2.CO2C2H5. 

Acetoacetic Methyl Ester, b.p. 169®. 

The sodium salt, CH3(CONa) : CHCOjCjH,, crystallizes in long needles. 
Copper salt, (C3H,Os)3Cu, is produced when a copper acetate solution is shaken 
with an alcoholic solution of icetoacetic ester. When boiled with methyl alcohol, 
it undergoes alcoholysis, and is converted into (C,H,Oj)CuOCHa (B. 35 , 539) ; 
aluminnim salt, m.p. 80®, b.p.j 194® (C. 1900, I. ii). 

Homologous jS-Ketonio Aeid Esters : 

Methyl Acetoacetic Methyl Ester . CHaCOCH(CH,)CO,CH, b.p. 169® 
ethvl ester, h'p 187'*. 

Ethyl Acetoacetic Methyl Ester . . CHsCOCH(C,H,)COaCH, „ 190® 

ethyl ester, b.p. i(»8®. 

Dimethyl Acetoacetic Ethyl Ester . CH,C0C(CHj)jC02CaH5 ,, i8^®l Mode of 
Methyl Ethyl Ai,etoacetic Ester . CHjC0C(CH,)(C2H5)C02R ,, 108° fforniation 
Propyl Acetoacetic Ester . . . CH,C0CH(C,H2)C02R ,, No. 2 

Diethyl Acetoacetic Ester . • . CH8COC(C2ll5)2CO,R ,, 2rS®J (p. 413). 

Propionyl Acetic Ester .... CH3CH8COCHJCO2R, b.p.,, 92® (mode of 
formation 3 and 5ft). 

Propionyl Propionic Ester . . . CH8CH8C0CH(CH8)C02R, b.p. 196® (mode 

of formation i, 4, and 6). 

Butyry I Acetic Methyl Ester . . CH,CH2CH8COCHaCO.jCHs, b.p.14 85® (mode 

of formation 3, fib, and 7). 

Butyry I Butyric Ester .... C8H,COCH(C2H5)CO.jR, b.p. 223® (mode of 

formation 4 and 6). 

Butyryl Isobutyric Ester . • . C3lI,C0C(CH8)2C02R, b.p. 22 109® (mode of 

formation 5<i). 

Isobutyryl Isobutyric Ester • • . (CIf3)2CHC0C(CH3)2C02R, b.p. 203® (mode 

of formation 4). 

Decanoy I Acetic Ester . • • . CaHjgCOCHaCOaR, b p.,, 165® (mode of 

formation 7). 

The enol- (pseudo-, aci-) form of the above derivatives of acetoacetic acid are 
to be derived from the corresponding kefo- forms. 

Ethers and Thio-ethers of the ^-Ketonic Acid Esters : p-Diethoxvhntyric 
Ester, Ortho-ethyl Ether of Acetoacetic Ester, (’H3C(0C2ll5)2('JlaC02C2H3. is 
obtained by the inter-reaction at low temperatures of acetoacetic and ortho- 
formic esters under the iniiuence of various reagents (comp. pp. 412, 417). It 
is an oil, which is converted by saponification into the crystalhzable sodium salt 
of p-diethoxybutyric acid. This readily gives up CO2, and becomes changed into 
acetone ortho-ethyl ether (p. 225). The diethoxybutyric acid ester decomposes 
on distillation into alcohol and Ethoxy croionic Ester, ethyl ether of aci-acetoacetic 
ester, CH^C(()C2H5) : CHCO2C2H5, m.p. 30®, b.p. I95®* Tins, on saponification, 
yields P-l'thoxycrotonic Acid, m.p. 1 37®; it can also be formed from sodium ethoxide 
and )S-chIorocro tonic acid (p. 295), and also from acetoacetic ester. On heating, 
it loses CO2 and is converted into isopropcnyl ethyl ether (p. 129) (A. 219 , 327 ; 
256 , 205). Alcoholic sodium cthoxicle changes ethoxycro^onic ester back into 
di-ethoxy butyric ester (B. 29 , 1007). p-M ethoxy crotonic Ester, CH3C(OCH8) : 
CHCOaCiHf, m.p. 188®, is formed from acetoacetic ester and diazomethane 
(B. 28 , 1627). 

A mixture of the two types of ethers — ^the ethyl ether of the aci- form and 
the ortho-ether of the keto- form of the jS-ketqnic esters — are obtained by boil- 
ing the homologous {iropiolic acid ester (p. 303) with alcoholic potassium 
hydroxide : 

RC:CCO,C,H, > RCCOC.H*): CHCO.C.H, RC(OC,H,),.CH,CO,CaH.. 

Similarly, propiolic nitrile yields the ether of the ketonic acid nitrile (C. 1904, 1 . 659 ; 
1906, I. 912). 

The aci-ether is readily hydrolyzed by dilute sulphuric acid iuto the jS-ketone 
acid ether. 



NITROGEN DERIVATIVE? OF /S-KETONIC ACIDS 419 

fi-Dithioethyl Butyric E5^«f,CH,C(SCjH8)jCHjCO,C*H,, b.p.,, 138®, is decom- 
posed by hydrolysis into mercaptan And fi-Thioethy I CrotonicAcid, CH8C(SCaH0) ; 
CHCOaH, m.p. 91® (B. 38 , 2801 ; 34 , 2634). 

Esters of the eci-jS-Ketonlo Acid Esters. 

Acid chlorides and also halogen alkyls, acting on sodium acetoacetic ester, 
produce mainly the C-acyl compounds (described later among the diketo-carboxylic 
esters). Some O-acyl ester is also formed, which can be obtained as a main product, 
by the action of acid chlorides on acetoacetic ester in the presence of pyridine. 
The O-acyl esters are insoluble in alkalis, whilst the C-acyl esters are soluble, thus 
providing an easy method of separation. When he**ted with alkalis (potassium 
carbonate, sodium acetoacetic ester, etc.), the O-acyl esters are transformed into 
C-acyl esters. By heating to 240®, O-acetyl acetoacetic ester is converted to a 
small extent into di acetoacetic ester (B. 38, 546) : 

CH,C(OCOCH3)=CHCOaCjH8 ^ CH3C0-CH(C0CH3)C03CjH8. 

Chlorocarbonic ester and sodium acetoacetic ester produce almost entirely 
carbethoxyl hydroxycrotonic ester, whilst with the copper salt acetyl malomc 
ester is formed (B. 37, 3394). Both sodium and copper acetoacetic esters yield 
Acetyl Malonanilic Acid Ester, rH3COCH(CONHCell 5)00302115 (B. 87, 4627; 
38, 22). It is therefore difficult to formulate a law for the acylation of these 
esters. • 

O- Acetyl Acetoacetic Ester, P-Acetoxycrotomc Ester, OIl3C(OOOCH3) : CHCO3- 
C8H5, b.p.i2 98®; methyl ester, bp. 95®. O-Bitiyryl Acetoacetic Methyl Ester, 
b.p.jo 103°- O-Propionyl Acetoacetic Ethyl Ester, b.p.u 100® (C. 1902, II. 1411) ; 
0-henznyl ester, m.p. 4^°. 

0-Carboxethyl Acetoacetic Ester, fi-Carboxethyl Hydroxycrotonic Ester, CHgC- 

(OCO3C3H5) : CHrOsCgllj. b.p.i5 131®. 

Nitrogen Derivatives of j8-Ketone Carboxylic Acid. 

Amides. 

Aqiuous .iinmonia acting on acetoacetic ester produces jS-aminocrotonic 
ester (beloW), «ind Acetoacetic Amide, CHaCOCHoOONllj, m.p. 50®, which forms a 
crystalline copper salt (B. 35, 583). Methyl Acetoacetic Amide, CH80O.CH(CHj)- 
CONIIg, m.p. 73®, and Ethyl Acetoacetic Amide, m.p. 90®, are prepared respec- 
tively fiom methyl and ethyl acetoacetic ester, and ammonia (A. 257, 213). 
Similarly, dimethyl and methyl ethyl acetoacetic ester form amides, m.p. 121® 
and 124® respectively ; di-cthyl acetoacetic ester docs not form an amide (C. 1907, 
I 401). 

Nitriles. 

Cyanacetone : Acetoacetic Acid Nitrile, CHjCO.OHgCN, b.p. 120-125®, is pre- 
pared from imino-acetoacetic nitrile (see below) and hydrochloric acid ; also by 
the transformation of a-methyl isoxazole (p. 354) (B. 25, 1787). It cannot be 
obtained from chloracctone and KCN. On heating it polymerizes suddenly. 
Chlorethyl methyl ketone and chlormethyl ethyl ketone (p. 342) do, however, 
react with pota^'Miim cyanide to form a~Methyl Acetoacetic Nitrile, CH,COCH- 
(CHjlCN, b p. I jO® and Propionyl Acetonitrile, CHjCHjCOCHjCN, b.p. 165® 
(C. 1900, I. Ti2^ ; 1901, 1 . q6) 

The reaction of aniline, hydrazine, phenylhydrazine and semicarbazide, 
hydroxylaminc, nitrous acid, nitric oxide, diazomethane, benzene, diazo-.salts, 
urea and the amidines, witli j8-keto-carboxylic esters are comparable to those on 
pp. 416, 417 (Nos. 6-13), in which the formation of pyrozalones or lactazams from 
the )3-kcto-acid esters and the hydrazines is again to be remarked ; see Phenyl 
Methyl Pyrazolone and Antipyrine (Vol. II.). A more detailed description is 
given in connection with aminocrotonic ester. 

P~Aminocrotonic Ester or Imino-acetoacetic Ester, CHjC(NH,) : CHCOtCfHi, 
or CH,C(NH)CHaCOaC3H5, two modifications, m.ps. 20® and 33® (A. 314 , 202), 
is prepared from acetoacetic ester or )9-chlorocrotonic ester [p. 295) and ammonia 
(B. 28 , R. 927). Aqueous hydrochloric acid convcits it back into acetoacetic 
ester. Hydrochloric acid gas forms a salt which is decomposed by heat at I30* 
into ammonium chloride and 3-olefinc lactone carboxylic ester, pseudo-luHdo^ 
styril carboxylic ester (B. 20 , 445 ; A. 236 , 292 ; 259 , 172). NaClO and NaBrO 
produce chlor- and brom^amino- crotonic ester, CHaC(NIIX) : CHCOfR, which, cm 
toeatment with acids, lose NH|. and arc converted into a-chlor- and cb-lllQm* 
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dcetoacetic ester (A. 818, 371 ). On the action of nitrous acid, see B. 87, 47 . 
Phenyl cyanate and mustard oil combine with aminocrotonic ester, and form a 
series of N- and C- derivatives (A. 814, 209 ; 344, 19) : 


(C,H,NHCO).NHrCH, 

NH,CCH, 

II ' and 

n 

HCCOjCjH, 

(C,H,NHCO).C.CO,C,H, 

(RNHCS).NHCCH, 

NH.CCH, 

II and 

II 

HCCO,C,H, 

{RNHCS).CCO,C,H, 


p-Aminocrotomc Acid Nitrile, Imino-acetoacetic Niinle, CIl3C(NHj): CHCN 
or CHaC(NH).t'H2CN, m.p. 52®. results from the condensation of two molecules 
of acetonitrile by means of metallic sodium (J. pr. Ch. [2] 52, 81). 

Homologous P -alky lami no- and P-di-alkylamino^acryhc esters, (C2H5)3NCR 
CCOjCsHb, and nitriles, CaHjCHaNlICR : CHCN, are prepared by the addition 
of amines to the homologous propiolic esters and nitriles. Acids easily decompose 
them into the jS-kotonic acid esters or nitriles, and amines (C. 1907, I. 25). Di- 
mtrocaproic Acid, CH3C(N02)2C(CHj)3C0jH, m.p. 215° with decomposition, is 
formed when camphor is boiled for a long time with nitric acid. It can be looked 
on as being a derivative of a-dimethyl acetoacetic acid (B. 26, 3051). 


Halogen Substitution Products of the ^-Ketonle Esters. 

Chlorine alone or in the presence of sulphuryl chloride acting on acetoacetic 
ester replaces the hydrogen atoms both of the CH, and CII, groups by chlorine. 
The hydrogen of the ('H, group is first substituted. 

a-Chloracetoacetic Ester. CHaC'OClIClCOjCaHg, b.p.^^ loy®, possesses a 
penetrating odour, y Chloracetoacetic Ester, ('ICKjCOCHaCOjCailB. h.p.„ 105®, 
i.s prepared by the oxidation of y-chloro-jS-hydroxybutync ester with chromic 
acid ; also synthetically, from chloroacetic ester and aluminium amalgam (comp, 
method of formation 4, p. 414). Copper salt, m.p. 168® with decomposition, 
forms green crvstals (C. 1904, I. 788 ; 1907, I. 944). a-Bromacetoacetic Ester, 
CHaCO.CIlBr COjCjHg, b-p.^, 101-104®, is obtained from acetoacetic ester and 
bromine in the cold (B. 36, 1730). HBr converts it gradually into y-Brom- 
acetoacetic Ester, CH2Br.CO.CH2CO,r.jH5, b.p., 125® (B. 29, 1042). This substance 
is also formed from bromacetic ester and magnesium (B. 41, 954). 

The constitution of these two bodies has been established by condensing them 
with thiourea to the corresponding thiazolc derivatives. 

aa-Diohloracetoaeetlc Ester, CHsCOCCljCOjCjH,, b.p. 205®, is a pungent- 
smelling liquid. Heated with HCl it decomposes into a-dichloracetone, CH,- 
COCHCl,, alcohol, and CO2 ; with alkalis it yields acetic and dichloracctic acids. 
aa-Dihromacetoacetic Ester is a liquid; dioxime, CH,C(NOH)C(NOH)CO,C,H,, 
m.p. 142®. ay-Dihromacetoacetic Ester, CII,Br.CO.CHBr.CO,C,H,, m.p. 45- 
49®. 

According to Demarfay (B. 13, 1479, 1870) the y-mono-bromo-mono-alkyl- 
acctoacetic fsters, wh^n heated alone or with water, split ofl ethyl bromide and 
yield peculiar acids ; thus, bromomethyl acetoacetic ester gave Tetrinic Acid 
or Meth\^ Teiromc Acid, whilst bromethyl acetoacetic ester yielded Petitinic Acid 
or Ethyl Tetromc Acid (L. Wolff, A. 291, 226) ; 


CO.CHaBr -C,H,Br C(OH).('H,v 

I ^ II >0 

Clla-CH CO.O.CjH, CHaC 

Tetrinic AddsMethyl Tetronlc Add. 


These acids will be discussed later as lactones of hydroxy-ketonic acids, 
together with the oxidation products of triacid alcohols. 

The y-dihfomo-mono alkyl acetoacetic esters, treated with alcoholic potassium 
hvdroxide, yield hydroxvtetiinic acid, hydroxypcntinic acid, etc. Gorhow 
(B. 21, R. 180) found them to be homologues of funiaric acid. Hydroxytetrinic 
acid is mesaconic acid {q-v.) ; whilst hydroxypentinic acid is ethyl fumaric acid 
iq.v,), etc. 

The formation of these olefine dicarboxylic acids from yy-dibromo-mono- 
alkyl acetoacetic esters is easily explained on the assumptiop that the keto- or 
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alddiyde adds an first formed, which are then converted into the niisatnrated 
dicar&nylic acids : 

CHBr, CHO COOH 

CO CH(CH,)CO,R CO.CH(CH,)CO,R CH : C(CH,)CO,R 

The y-bromo-dialkyl acctoacctic esteis, however, behave differently, giving 
rise to lactones ot y-hydroxy-j8-ketone carboxylic acids {Conrad and Cast). The 
bromine atom of the y-hromo-dimethyl-acetoackic ester (i, see diagrammatic repre- 
sentation below), can be replaced by acetoxyl (2),^ producing the y-acetoxy- 
dimethyl-acetoacetic ester, which gives up methyl acetate and changes into 
y-hydroxy-dimethyl-acetoacetic acid lactone (3). Bromine, entering tlic molecule 
of the y-acetoxy-dimethyl-acetoacctic ester, becomes attached to the y-carbon 
atom, producing a compound which has not been isolated. The action of water 
on this is the immediate production of the lactone of ydihydroxy-dimethyl-aceto- 
acetic acid (4). Its salts are those of an aldehyde-ketone-carboxylic acid, which 
is converted by alkalis into P -dimethyl malic acid ( 5) ; whilst on fusion a keto- 
oXd.€ti:yd!er-~isohutyryl formaldehyde (p 34S) — ^is formed (6). The inter-relations 
of these compounds are shown as follows (B 31 , 2726, 2954) • 


(I) 

( 3 ) 

(6) 


CHjj-CO— C(CH,), 

L CH*oio 

CH,— CO— C(CH,), 
OCOCH, iojCH, 
OCH— CO CH(CH,), 
. +CO, 



CH,— CO— C{CH,), 

i ^0 

HOCIl— CO— C(CH,), 

I I 

O CO 

HOCO— CII(OH)— C(CH,), 

I 

HOCO 


(2) 

( 4 ) 

( 5 ) 


The action of ammonia on y-bromo-dimothyl-acctoacetic ester is to form the 
lactam of y-amino-dimethvl-acctoarolic acid — dimethyl ketopyrrolidone — 
which IS broken down by hydiochloiic acid into ammo-dimethyl-acetone (p. 344) 
(B. 32 , iigq) 

y-Tnchloracetoacetic EsUr, C( l^COCHjCOjCaHj, b p. 234°, is also prepared 
synthetically from chloral and diazoacctic ester (p. 404) (B. 40 , 3001). 


III. y-Eetonic. Acids. 

These acids are distinguished from the acids of the j8-variety by 
the fact that when heated they do not yield CO 2 , but split off water 
and pass into unsaturated y-lactones. They form y-liydroxy-acids on 
reduction, which readily pass into satuiated y-lactones. An in- 

teresting fact in this connection is that they jdeld remarkably well 
crystallized acetyl derivatives when treated with acetic anhydride. 
This reaction, as well as the production of unsaturated y-lactones, 
on distillation, argues for the view that the y-ketomc acids are y-oxy- 
lactones : 

CH, CO.CH, CH, CH,.t(OH).^CH,.CH, CH, C(OOC.CH,)CH,CH, CH, LcH.CH, 

^ I or I I > I I > I I 

COOH O CO O CO O CO. 

LavulinJc Add. Acetyl LaBvubnic 4rid. C'Angebca Lactone. 

LflBVTiliiiio Acid, jS-Acetopropionio Acid, y-Ketovaleric Acid, or y* 
Oxovaleri c Acid [4-Pentanone Acid], C5Hg03=CHs.C0.CH2.CH2.C0j|H, 

or CHs.i(OH).CHj.CHgCoi, m.p. ars" ; b.p.ig 144 *, b.p. 7 eo 239* 
with sUght decomposition, is isomeric with methyl acetoacetic add. 
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which* may be designated a-acetopropionic acid. Laevulinic acid 
can be obtained from the hexoses (q.v,) on boiling them with 
dilute hydrochloric or sulphuric acid. It is more easily obtained 
(i) from laevulose — Whence the name — ^than from dextrose. It is pre- 
pared by heating sucrose or starch with hydrochloric acid (B. 19 , 707. 
2572 ; 20, 1775 ; A. 227, 99). Its constitution is evident from its 
direct and also indirect syntheses ; (2) from the mono-ethyl ester ot 
succinyl monochloride, ►CICO.CH2.CH2CO2C2H5, and zinc methyl (C. 
1899, II* 4^®) '» boiling the reaction-product of chloracetic 

ester and sodium acetoacetic ester — acetosuccinic ester — with hydro- 
chloric acid or barium hydroxide solution (Conrad, A. 188 , 223) : 


CH,CO.CHa 

COaCjH 


CiCHjCOaCjH, CH,CO.CH.CHj.CO,CaH, HCl CH,CO.CHaCH,COjH 
\ ^ ^ COaCjlIj ^ CO, 


It is furthermore obtained (3) by th e acti on o f concentra ted H2SO4 

on methyl glutolactonic acid, CH3C(C02H)tH2('H2C00 ; (4) by 

the oxidation of its corresponding j3-acctopropyl alcohol (p. 342), 
(5) by the oxidation of methyl heptenone (p. 232), of linaJool and 
geraniol, two bodies belonging to the group of olefine terpenes. Also, 
by hydrolysis of crolonaldehyde cyanohydrin with warm hydrochloric 
acid and the transformation of the propenyl glycollic acid thus formed 
(P- 397)- 

Laevulinic acid dissolves very readily in water, alcohol and ether, 
and undergoes the following changes : (i) By slow distillation under 
the ordinary pressure it breaks down into water and a- and angelic 
lactones (p. 398). (2) When heated to 150-200° with hydriodic acid 

and phosphorus, laevulinic acid is changed to n-valeric acid. (3) By 
the action of sodium amalgam sodium y-hydroxyvalcrate is produced, 
the acid from which changes into y-valerolactone. (4) Dilute nitric 
acid converts laevulinic acid partly into acetic and nialonic acid and 
partly into succinic acid and carbon dioxide. TIh' action of sunlight 
on an aqueous solution of the acid is to produce a certain quantity of 
methyl alcohol, formic and propionic acids (B. 40, 2417). 


(5) Bromine converts the acid into substitution products (p. 423). 

(6) Iodic acid changes it to hi-iodo-acetacrylic acid. (7) PgS, converts it into 
thiotolene, C4H,S.CH, (Vol. II.). For the behaviour of l.xvulinic acid with 
hydroxy famine and phcnylhydrazine consult the paragraph relating to tlie 
nitrogen derivatives of the y-ketonic acids. 

Nucleus-synthetic Reactions : (8) Hydrocyani c acid and laevulinic acid yield 

the nitrile of methyl glutolactonic acid: CHj.djCNlCHjCHjCOO (see above). 
(9) Benzaldehyde and Irevulinic acid condense in acid solution to fi-benzal leBVulinic 
acid, and in alkaline solution to h-henzal leevulinic acid (A. 258 , 129 ; B. 26 , 349). 
10) Electrolysis of potassium lacvulinate results in the production of 1,4-di- 
acetyl butane (p. 352) (B. 33 , 155). 

LflBvulinle Aeld Derivatives. — The calcium salt, (C,H, 0,),Ca+2H,0 ; silver 
salt, CgHfOgAg, is a characteristic, crystalline precipitate, dissolving in water 
with dhOficulty ; methyl ester, C5H7(CH,)0„ b.p. 191® ; ethyl ester, b.p. 200®, 

CHjCOOv yOCO 

Acetyl Lavultntc Acid, y-Acetoxyl, y-Valerolactone, I » 

CH , 0 OH , 0 H , 

m.p. 78®, is particularly noteworthy. It is formed from laevulinic acid and 
acetic amhydride ; from silver Isvulinate amd acetyl chloride ; from laevulinic 
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chloride and silver acetate ; as well as from a-angelic lactone and acetic acid. 
The last method of formation, as well as the formation of a- and ) 3 -angelic 
lactone by heating acetolaevulinic acid are most easily understood upon the 
assumption that Qie constitution is really as indicated in the formula shown 
above (A. 256 , 314). 1 

Lavulinic Chloride, y-Chlorovalerolactone, CH,CC 1 CH,CH,C 06 , b.p.jg 80®, 
is produced by the addition of HCl to a-angelic lactone, and by the action of 
acetyl chloride o n laevulinic acid (A. 256 , 334). Lesvulinamide, y-Amido- 

valerolactone, CH3C(NHa)CHsCHaCOO, has been obtained from laevulinic ester, 
and from a-angelic lactone and ammonia (A. 229 , 24^). 

Homologous LsBVUllnIe Acids are obtained from the homologues of aceto- 
succinic ester (p. 422) : 

p-Methyl Lavulinic Acid, fi-Aceiobutyric Acid, CHsCO.CH(CH3)CH3COaH, 
m.p. —12®, b.p. 242®, is prepared from a-methyl acetosuccinic ester. It forms 
a difficultly soluble semicarbazone (C. 1900, II. 242), a-Methyl Leevulinic Acid, 
fi-Acetyl Isobutyric Acid, CH3CO.CHaCH(CH,)COaH, m.p. 248®. Hotnolavulinic 
Acid, %-Methyl Lavulinic Acid, CHjCHjCO.CHjCHjCOOH, m.p. 32®, is obtained 
from ) 3 y-dibromocaproic acid (A. 268 , 69), together with one of the hydroxy -capro- 
lactones, a-Ethvl Lavulinic Acid, CH,CO.CH3CH(CiH5)CO,H, m.p. 250-252 . 

Mesitonic Acid, aa-Dimeikyl Lavulinic Acid, CHaCO.CH3C(CH3),COaH, m.p. 
74'', b.p.jB 138®, is obtainetl by the action of alcoholic potassium cyanide solution 
on mesityl oxide, CHjCOCH : C(CH,)3 (p. 229). The nitrile, CHaCOCHa- 
(CHj) 3CN, is formed as an intermediate product, and can be formed from mesityl 
oxide hydrochloride by KCN. Mesityl oxide and hydrocyanic acid in excess 
produce the cyanhydrin of mesitonic nitrile, the dinitrilc of the so-called mesitylic 
acid, which decomposes on being heated with hydrochloric acid into formic and 
mesitonic acids (C. 1904, II. 1108 ; B. 37 , 4070 ; A. 247 , 90). Mesitonic acid is 
converted into dimethyl malonic acid when oxidized with nitric acid. 

Pp-Dimethyl Lavulinic Acid, CH,C0C(CH3),.CHjC03H, b.p.|g 151®. results 
from a-uns>ni. -dimethyl succinyl chloride and zinc methyl (C. 1899, II. 524). 

hh-Dimethyl Lavulinic Acid, (CH,)jCH.CO.CH,CH3CO,H, m.p. 40®, is pre- 
pared from th«^ result of the double decomposition of y-bromo-dimethyl-acetoacetic 
ester and sodium malonic ester, by heating it with dilute sulphuric acid (B. 80 , 
864); by oxidation of dimethyl acetonyl acetone (p. 252) (B. 31,2311); from 
dibrom-isoheptoic acid and soda solution (A. 288 , 133) ; by oxidation of various 
terpencs (Vol. II.), such as thujone. 

pS-Dimethyl Lavulinic Acid, CH3CH3COCH(CH,)CH3COOH, b.p. 154®, is 
produced from y-ethylidene /3-methyl butyrolactone, a degradation product of 
dicrotonic acid (q.v.) ; also by the splitting up of aa-dimethyl acetone dicarbox* 
ylic a-acetic ester (B. 33 , 3323). 

Caproyl Isobutyric Acid, C3HiiCOCH3CH(CH,)CO,H, m.p. 33®, b.p.,, XQO* 
(C. 1905, II. 1782). 

Halogen y-Ketonle Acids. — a-Bromolavulinic Acid, CH,COCHaCHBrC02H, 
m.p. 79®, is produced when HBr acts on / 9 -acetoacrylic acid. Boiling water 
converts it into a-hydroxyla2vulinic acid (q.v.). 

P~Bromolavulinic Acid, CH,COCHBrCH,CO,H, m.p. 59®, is produced 
in the bromination of laevulinic acid, as well as by the action of water on the 
addition product of bromine and a-angelic lactone. Warming with sodium 
hydroxide converts the )S-bromolaevulinic acid into a-hydroxylaevulinic acid and 
/ 5 -acetoacrylic acid. Ammonia converts the jS-bromolaevulinic acid into tetra- 
mcthyl pyrazine, whilst aniline produces pyrazine-2, 3-dimethyl indole (B. 21,3360). 

ap-Dibromolavulinic Acid, CH,COCHBrCHBrCO,H, m.pj. 108®. is prepared 
from j 3 -acetacrylic acid and Br,. PB-Dibromolavulinic Acid, CHsBrCOCHBr- 
CII3CO3H, m.p. 1 15®, is produced in the bromination of laevulinic acid. It yi^ds 
diacetyl and glyoxyl propionic acid, HC)C.CO.CH,CH,CO,H, when it is boiled 
with water. Concentrated nitric acid converts it into dibromodinitromethane 
and monobromosuccinic acid, whilst with concentrated sulphuric acid it yields 
two isomeric dibromo-diketo-R-pentcncs (Vol. II.). 

Nitrogen Derivatives of the y-Ketonlo Aelde. 

(I) LamuliHamdt, CH,COCH,CH,CONH, or CH,i(NH,)CH,CH,CO<i, m.p. 
107® (see above). 
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(2) JcHon of Hydrazine, NHaNH,: Lesvtdinic Hydrazide, CH$COCHaCH«- 
CONHNHi, m.p. 82*’. On the application of heat it passe$ into a lactazam 


(p. 4 o 6 y^^-Methyl Pyridazolone, ^-Methyl Pyridazinone, CHt(C«sN.NH)CHt- 

CHjdo, m.p. 94* (B. 28 . 408 ; J. pr. Ch. [2] 50 . 522), 

(3) Action of Phrnylhydrazifie, NHgNHCgHg : The first product is a hydra- 
zone, which yields a lactazam when heated. Lavuhnic Phenylhydrazone, CH8C( — 
NNHC,H5)CH2CH2(-02H, m.p. 108®. This passes into y-Methyl Phenyl Pyrida- 
zolone, m.p. 81® (A. 253 . 44) When fused with zinc chloride it becomes dimetbyl- 
indol acetic acid, 


C,H4.CCH2C00K ^ HOCO.CHa.CH, ^ CO— CH*— CH* 

NH— CCH, ^C,H4NH.N:CCH, ^CeHjN N:CCH, 

Methyl Indole Acetic Acid. Methyl Phenyl Pyridazolone. 


Phenylhydf ozone Mesitonic Acid, Phenylhydrazone a-Dtntethyl Lepvulinic Acid, 
CH*C( : NNHC4H5)CHjC(CH 8)*CO,H, m. p. 121*5°. p asses into yMethyl i- 

Dimethyl n-Phenyl Pyridazolone, C4HjNN:C(CH,)CH*C(CH3)CO, m.p. 84® (A. 
247 , 105). 

(4) Action of Hydroxylamine : LavulUtic Oxime, GH,C(NOH)CIIjCH8CO*H, 
m.p. 95® (B. 25 , 1930), undergoes rearrangement in presence of concentrated 

CHjCOv 

sulphuric acid into succinyl methyliniide. | ^NCH*. 

CH*CO/ 

IV. 8-Ketonie Aeids. 

Such acids have been prepared tiom acetyl glutaric acids (q.o.) by the cleavage 
of COg. On reduction they yield d-lactones (p. 375). 

y-Aeetobutyrie Aeld, CllgCO.CHgCHgCHgCOgH, m.p. 13®, b.p. 275®, is formed 
by the oxidation of y-acctobutyl alcohol (p. 342) ; and from dihydroresorcinol by 
barium hydroxide solution. Sodium cthoxide changes it back into dihydroresor- 
cinol. 

y- Ethyl y-Acetohutyric Acid, CHgCO.CH(C2n5)CHgCHgCOgH, b.p.jo 173®, 
b.p. 280®. yy-Dimethyl y-Acetobutyric Acid, CH8.COC(CH3)2ClIgCHgCOOII, 
m.p. 48®, is obtained from aa-dimethyl glutaric ethyl ester acid chloride and 
zinc methyl (C. 1899, II. 524) ; also from isolauronolic acid and jS-campholcnic 
acid by oxidation (C. 1897, 1 . 26). y-Butyrobutyric Acid, CIIgCHgCHgCO.- 
CHgCHgCHgCOaH, m.p. 34®, from coniine (Vol. II.) and HgO*. 

Certain higher ketonic acids have been prepared by the oxidation of hydro- 
aroiliatic compounds of the terpene group, and are important in determining the 
constitution of the latter. Other kctonic acids result from the hydrolysis of 
acetylene carboxylic acids by means of concentrated sulphuric acid. A case in 
point is Ketostearic Acid, from stearolic acid (p. 304), which is produced on treating 
oleic and elaldic di-bromides with alcoholic potassium hydroxide. See oleic 
acid (p. 300) for the value of these ketonic acids in determining the constitu- 
tion of the olefine and acetylene carbonic acids, which are closelv related to them. 

S-Isopropyl-heptane~2-one A cid, p-Isopropyl h~ Acetyl Valeric A cid, CH gCO-CH g.- 
CHgCH(raH7)CH2COaH, m.p. 40®, b.p.gg 192®, is prepared from tetrahydrocar- 
vone, (Vol. II.). 2 ,ft-Dimethyl-octane-yone Acid, B-Methyl h-Isobutyl Valeric 
Acid, CHgCH(CH3)CO.CH2CHaCH(CHg)CHgCOgH, b.p.g* t 86®, is prepared from 
menthone (Vol. II.). Undecanonic Acid, CHaCO[CHj]gC 08 H {?), m.p. 49®, is 
formed from undecolic acid (p. 304). 

S^Ketostearic Actd, CH8[CH2]gCO[CHg]gCOgH, m.p. 83®, is obtained froir 
chloroketostearic acid (B. 29 , 806), and is a transposition product of ricinoleic 
acid (p. 302). 

^Ketostearic Acid, Oxostearic acid, CH,[CHg]gCO[CHg],COgH, m.p. 76®, 
is obtained from stea^lic acid (p. 304) by the action of concentrated sulphuric 
acid ; also by heating the salt of dihydroxy.stearic acid, produced by the oxidation 
of this acid by KMnO* (J- pr. Ch. [2] 71 , 422). Consult oleic acid (p. 300) for 
the decomposition of its oxime. 
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C. U^SATURATED KETONIC ACIDS OLEFINE KETONIC ACIDS 
/S-Ketonle Adds : 

Ethylidene Aeetoacetle Ester, CH,CH * b p an”, results from 

the action of hydiochloric acid ammonia diethylamine or pipendme on alde- 
hyde and acetoacetic ester (A 218 , 172, B 29 , 172, 81 , 735) Magnesium 
methyl iodide converts it into a salt of isopropyl acetoacetic ester (C 1902 I 1 197) 

f'O C H 

Isopropylidene Acetoacetic Lster (CII,)jC is prepared 

from acetone and acetoacetic ester by the action of HCl and then of qumoline (B 
80 , 481) 

Isoheptenoyl Acetic Acid (CH,)gC CCH,CH,COCH,CO,H, is prepared from 
isohexenyl propiolic acid (method of formation 7, p 415) , ethyl ester, b p 14 
127-130° (C igo3» I 1019) 

V Ketonlc Acids : 

AccioaCiyllc Acid, CH3COCH CHCO3H mp 125°, is denved together 
with j8 hydroxylaevulmjc acid from p bromolaevulimc acid, and also from chloral- 
acetone upon digestion with i soda solution It combines with HBr and with 
bromine forming ap dibroniola \ iilinic acid and a-bromolaevulmic acid (A 264 , 
231) For constitalion of ic to ei\lic acid see B 35 , 1157 

P-Trichlorac etoacrylic Acid Trtchlorophenotnaltc Acid CCl*CO CH CHCO4H 

or CClj (! (OH)CH CHCOO mp 131°, is obtained from benzene by the action 
of potissium chlorate and sulphuric acid (A 223 , 170, 289 , 176) It breaks 
up into chloroform and maleic acid when boiled with ba rium hydroxide 

It yields Acetyl Trichlorophenomalic Acid, CCl3C(OCOCH3)CH CH COO 
mp 86° (A 264 , 152) when titatid with acetic anhydride Ferchlor acetyl 
Acrylic Acid ( CljCOCC 1 CC 1 CO II m p 83-64° (B 26 , 51 1) and other chlori- 
nated acetyl K rylic and acfUl methyl aery lie acids (B 26 , 1670), are formed 
from the decomposition of benzene derivitivcs which have previously been 
chlorinated 


__ P-Acetyl Dtbrontacryhc 4 ctd CH,CO CBr CBrCOOH, or CH3 C(OH)CBr CBr- 

CO(i m p 7S° results upon ti citing a tnbromothiotolene with nitric acid Its 
rtmi 1 dh low conductivit\ points to a lactone formula (B 24 , 77 , 26 , R 16) 

8 Ke^oniC Aeids.- (hloiinitcd 8 ketomc acids have been obtained from the 
ketotlil ) 1 los of usurcinol and orcinol eg , trie hloi acetyl trichlorocrotonic acid, 
CCljCOCCl I lltCljCOall (B 26,317,504 1666) 


CARBONIC ACID AND ITS DERIVATIVES 

The salts and esters of carbonic acid are derived from carbonic 
acid hydrate, CO(OH)2, which is unstable in the free state, and which 
may be regarded also as liydroxyfonmc acid, HOCOOH. Its sym- 
metncal structure distinguishes it, however, from the other hydroxy- 
acids containing three atoms of oxygen It is a weak dibasic acid and 
constitutes the transition to the true dibasic dicarboxyhc acids — whence 
it will be treated separately 

On attempting to liberate the hydrated acid from carbonates bv a 
stronger acid, it breaks down, as almost always happens, when two 
hydroxyl groups are attached to the same carbon atom. A molecule 
of water separates, and carbon dioxide, CO2, the anhydride of carbonic 
acid, IS set free. The carbonates recall the sulphites in their behaviour, 
and carbon dioxide remmds us of sulphur dioxide or sulphurous anhy« 
dride. 
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Every carbon compomui, containing an atom of carbqp in double 
union with an oxygen atom, may be regarded as the anhydride of a 
dihydroxyl body corresponding with it. The hydrate formula, C=0- 
(0H)2, of carbonic acid may be viewed as the formula of an anhydride 
of the compound C(OII)4. Of course a compound of this form will 
be as unstable as orthoformic acid, HC{OH)3 (p. 235). However, 
esters derived from the formula C(OH)4, can actually be prepared ; 
they are the orthocarbonic esters. In a broader sense, all methane 
derivatives, in which the four hydrogen atoms have been replaced by 
four univalent elements or residues, must be considered as derivatives 
of orthocarbonic acid, e.g. tetrachloro-, tetrabromo-, tetra-iodo-, and 
tetrafluoro-me thane. From this point of view tetrachloromcthane 
is the chloride of orthocarbonic acid. These compounds, together 
with chloropicrin, CCI3NO2, bromopicrin, CBr3N02, bromonit reform, 
CBr(N02)3, and tet ram tro methane, C(N02)4, will be discussed later as 
derivatives of orthocarbonic acid. The carbon tetramide is not 
known. Ammonia appears most frequently in.the reactions where it 
might well be expected, and also guanidine, which sustains the same 
relation to the hypothetical carbon tetramide — the amide of ortho- 
carbonic acid, as metacarbonic acid bears to the ortho-acid : 


HO. 


Orthocarbonic Acid, 
(does not exist). 


g^>c=o o=c=o 

Metacarbonic Acid, Carbon Dioxide, 

(does not exist). Carbonic Aud Anhydride* 


H,N. .NH, 

Amide of Orthocarbonic Acid 
(does not exist). 


H.Nv. „ 

Guanidine. 


Carbon Monoxide, CO, the first oxidation product ot carbon, was 
described immediately after formic acid (p. 247). When carbon 
is oxidized, the temperature determines whether carbon monoxide 
or dioxide shall be formed : at a high temperature only the monoxide 
is fprmed, the carbon behaving as a di- valent element. 

Carbon Dioxide, CO2, is the final combustion product of carbon. 
Under favourable conditions the carbon of every organic substance 
will be converted into it. In the quantitative analysis of carbon 
derivatives carbon is determined in the form of CO2 (p. 3). 

Liquid carbon dioxide is a good solvent for many organic substances, 
especially those that are more volatile, a behaviour which resembles 
the organic solvents (C. 1906, I. 1239). 

Several of the methods for the formation of carbon dioxide, which are 
especially important in organic chemistry, may he mentioned here. 
Carbon dioxide is developed from fermentable sugars in the alcoholic 
fermentation process (p. 112). It is readily formed by the oxidation 
of formic acid (p. 238), into which it can be converted by reduction 
(B. 28, R. 458) ; and can be withdrawn from the carboxylic acids, 

i.e. from the acids containing carboxyl, — c<o , when hydrogen will 
enter where the carboxyl group was first attached. Those polycar- 
boxylic acids, containing two carboxyl groups in union with each other, 
or two auid more carboxyls linked to the same carbon atom, readily 
pact with carbon dioxide on the application of heat. In the latter 
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case carboxylic acids result, in which each carboxyl remaining over is 
attached to a particular carbon atom, «.g. ; 

Malonic Acid, HO,C.CH,.CO,H > CO,+CH,.CO,H. 

The j 3 -ketonic acids behave similarly (p. 410), e.g. : 

Aceloacetic Acid, CHjCOCHji.COjH COf and CHaCO.CIIj. 

Monocarboxylic acids or tlieir alkali salts can be deprived of CO2 
upon heating tliem with NaOH, when it is withdrawn as Na2C03 
(p. 72) : 

CHsCO,Na+NaOH=Na,CO,+CH4. 

The electric current, acting on concentrated solutions of the alkali 
salts of carboxylic acids, splits off carbon dioxide (p. 71), e.g. ; 



2CH,C0,K > gH,CH8+2CO^ and aK. 

The calcium salts of many carboxylic acids are decomposed by heat 
with the production of calcium carbonate and ketones (p. 190), e.g. : 

(CHsCOjjjCa > CaCO,+CH,COCH,. 

These and similar reactions, in w^hich CO2 readily separates from 
organic compounds, are of the first importance in the production of 
the different classes of compounds. In contrast to the splitting-off of 
CO2 in certain reactions we have its absorption by certain organic 
metallic derivatives : nucleus-syntheses, in which carboxylic acick are 
produced : 

CH8MgI4-<^0.=CnsCO*MgI ; CH,C=CNa+rOj=CH8C=CCOaNa; 

C,H80NafC08=CJl4<[3j^^^^*‘ (comp. Salicylic Acid, Vol. II.). 

Esters of Hetacarbonic Acid, or ordinary Carbonic Acid. 

The primary esters of caibonic acid are not stable in a free con- 
dition. They are prepared from the alcohols and carbon dioxide at 
low temperatures (B. 31 , 3001). 

Dumas and Peligot obtained the barium salt of methyl carbonic acid on 
conducting carbon dioxide into a methyl alcohol solution of anhydious barium 
hydroxide (A. 35 , 283). 

Magnesium methoxide combines with CO, to form magnesium 
carbonate ( 13 . 30 , 1S36). 

O C H 

The potassium salt of Ethyl Carbonic Aeld, CO<q^> *, separates in 

pearly scales on adding CO, to the alcoholic solution of potassium alcoholate. 
Water decomposes it into potassium carbonate and alcohol. 

The neutral esters appear (i) when the alkyl iodides act on silver 
carbonate : 

AgjC0g+2C2H8l=*(CjH8)jC08-f-2AgI i 

also {2) by treating esters of chloroformic acid with alcohols, whereby 
mixed esters may also be obtained : 

CH,OCOCl+HOC8H8-=CH.OCO.OC,II,-fHCL 
Methyl Ethyl Cferbonate. 



ORGANIC CHEMISTRY 


428 

This shows that, with application of beat, the higher alceluris art able to 
expel the lower alcohols from the mixed esters : 

C,H,OCOOCH,+C,H..OH =C,H,OCOOC,H, +CHtOH. 

Methyl Ethyl Ebtei. * Diethyl Ester. 

Hence, to obtain the mixed ester, the reaction must occur at a lower tempera- 
ture. 

As regards the nature of the product, it is immaterial as to what order is 
pursued in introducing^ the alkyl groups, « e. whether proceeding from chloro- 
formic ester, we let < thyl alcohol act on it, or revcisc the case, letting methyl 
alcohol act on ethyl chloroformic ester ; the same lU'^ 1 hyl ethyl carbonic acid 
results in each case (B. 13, 2417). This is an addition.il confirmation of the 
like valence of the carbon affinities, already proved b)'' numerous experiments 
made with that direct object (with the mixed ketones) ui view (p. 22) (C. 1901, 
II. 2X9)- 

The neutral carbonic esters are ethereal smelling liquids, dissolving 
readily in water. Except ing the dimethyl and the methyl ethyl ester, all 
are lighter than water. With ammonia they first yield carbamic esters 
* and tlien urea. When they are heated with phpsphorus pentachloride, 
an alkyl group is eliminated, and in the case ol the mixed esters this 
is always the lower one, whilst the chloroformic esters constitute the 
product : 

C,H 5OCOOCH s + PCI5 = C*H fiCOCl = POCl 3 -f CH jCl. 

Carbonic esters are converted to carboxylic esters by alkyl and aryl-magnesium 
halides (B. 38, 561). 

Methyl Carbonic Ester, CO(OCH3),, b.p. 91®, is jiioduced from chloro- 
formic ester by heating it with lead oxide; methyl ethyl ester, CH3OCOOC3H5. 
b.p. 109®; diethyl ester, CO(OC2H5)2, b.p. 12C®, is obtained from ethyl 
oxalate, on warming with sodium or sodium ethoxidc (with evolution of CO); 
methyl propyl ester, b.p. 131®. 

✓OCH3 

Glycol Carbonate, Carbonic Ethylene Ester, CO<f 1 , m p. 39®, b.p. 236®, is 

^OCH, 

obtained from glycol and COCl,. 

Derivatives of Ortho carbonic Acid (p. 426). 

Orthocarbomc Ester or Tctrabasic Carbonic Ester (Bassett, 1864, A. 182, 54), 
is produced when sodium alcoholates act on chloropicnn : 

CCl3(N03)-f-4CjH30Na=C(0C,H5)4-f-3NaCl fNaNO,. 

Orthocarbomc Ethyl Ester, C(OC3Hj)4, b.p. 158®, is a liquid wuh an ethereal 
odour When heated with ammonia it yields guanidine (p 455) and alcohol. 
Alkyl and aryl magnesium halides convert it to ortho-carboxylic esters, 
RC(CC3Hg)3 (p. 284) (B. 38, 563). 

The propyl ester, C(OCaH7)4, b.p. 224® ; isobutyl ester, b.p. 245®; methyl ester 
apparently can not be prepared (A. 205, 254). 

The tetrahalogen substitution products of methane appear to be 
the halides corresponding with orthocarbonic acid. They bear the 
same relation to the orthocarbonic esters that chloroform, bromoform 
and iodoform sustain to the orthoformic esters. Indeed, tetrachloro- 
and tetrabromomethane and sodium alcoliolate do yield orthocar- 
bonic esters, thougji wi^h poor yield (B. 88, 563 ; C. 1906, I. 1691). 
The formation of orthoc^bonic acid and trichloromethyl sulpho- 
chloride (p. 434) by means 't>f NaOC2H5, see C. 1908, 1 . 1041. 

Methane Tetrahalogen Substitution Products : 

Tefrafluoromethane, Carbon Tetr^uonde, CF4, is a colourless gas, condensable 
by‘ pressure. It is remarkable that i^is body belongs to that small class of' 
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carbon derivatives which can be directly prepared from the elements^ Finely 
divided carbon, e g lamp black, combines directly with fluorine, with production 
of light and heat 

Tetrachloromethane or Carbon Tetrachloride, CCI4, solidifies ^30^ ^ 
b.p. 76®, Do=i’63I, is foiined (i) by the action of chlorine on chloro- 
form in sunlight, or upon the addition of iodine, and (2) by action of 
Cl on CS2 at 20-40°, C2CI4 and C2Cle being formed at the same time 
(B. 27,3160), (3) upon heating CS2 with S2CI2 m the presence of 
small quantities of iron : CS2+2S2Cl2==-CCl4+6S (D. R. P. 72999). 
Prepantion of the pure substance, see C. 1899, II. 1098. 

It is a pleasant-smelling liquid solidifying to a crystalline mass at 
—30°. It is an excellent solvent for many substances, and is made 
upon a technical scale When heated with alcoholic KOH, it decom- 
po‘^*'s according to the following equation : 

CCI4 + 6KOH = KjCO, + 3H ,0 + 4 ^C 1 

When the \ ipo us iie conducted throut,h a red hot tube decomposition 
occurs and CgCl4 and ( jt-le'art produced Ihis is an intcrestmg reaction because 
as we hive learned under acetic acid (p 2S8) it plays a part in the first 
synthesis of this long-known acid CgCla is produced from CCI4 by means of 
aluminium amalcjim (p 96) When cirbon tetrachloride is digested with 
phenols and sodium h\dio\i(lt phenol cmhoxylxc acid% are produced (Vol H ) 

Tetrabromomethane, CBr4 mp 925® bp 189®, obtained by the action of 
brom lodidt on bromoform 01 CSg or of bromine and alkali on acetone and 
other comp )u ids (t iqoP I 1691) ciystalhzcs in shining plates 

Tetraiodo methane, CI4, 0,0—4 3 ^ 1*5 foimed when CCI4 is heated with 
aluminium iodide It crystallizes from ether in dark red, regular octahedra 
On cxposiirp to an it decomposes into CO, and 1 a change which is accelerated 
by heat 

Nitro-derivativee of Orthocarbonic Acid 

Nitrochloroform, Chloropicnn, C(N02)Cl3, b p. 112°, Do = 1*692, is 
frequently produced in tlie action of nitric acid on chlorinated 
carbon compounds such as chloral, and also when chlorine or bleaching 
powder acts on nilro-deri\ativcs, picric acid and mtromethane , 
ilso from mercury fulminate (p 2 jq) 

In the preparation of chloiopienn 10 parts of bleaching powder arc mixed 
to a thick pxstc with water To this is added i part of picric acid or [2,4,6]- 
trmitrophcnol C,H,[i]OH[2 4 6 KNO,), 

Chloropiciin is a colourless liquid, possessing a very penetrating 
odour that attacks the eyes powerfully. It explodes when heated 
rapidly. When treated with acetic acid and iron filings it is converted 
into methylamine : 

CCl,(NO,)-h6H,=CH, NH,-b3HCl-b2H.O 

Alkah sulphites change it to formyl trisulphonic acid, ammonia 
to guanidine, and sodium ethoxide to orthocarbonic ester (p. 428). 

Bromoplcrln, CBr,(NO,) m p 10®, can be distilled un^er greatly reduced 
pressure without decomposition, and is formed, like the piectding chloro-com- 
pound, by heating picric acid with calcium hypobromite (calcium hydroxide 
and bromine) or by heating mtromethane with bromine (p 151) It closdiy 
resembles chloropicrm 

Bromomtroform, tetianitromethane and the salts of the mtroforms, which 
belong here, have already been desenbed among the mtro-paraffins (p 155, see 
alsop 339 )* 
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CHLORIDES OF CARBONIC ACID 

Two series of salts, two scries of esters, and two chlorides can be 
obtained theoretically from a dibasic acid : 

Ethyl Carbonic Acid, CarlK>nic Acid, Chlorocarbonic Ester, Phosgene. 

only known as salt. Diethyl Ester. only known as ester. 

(1) Chlorocarbonic Ester. — ^The primary chloride of carbonic acid, 
chlorocarbonic acid, is not known, because it loses HCl too easily. 
Its esters are, however, known, and are produced when alcohols act 
on phosgene or carbon oxychloride, the secondary chloride of carbonic 
acid {Dumas, 1833). They are often called chloroformic esters, 
because they can be regarded as esters of the chlorine substitution 
products of formic acM : 

COCl, ^ClCOOCjHg +HC 1 . 

They are most readily prepared by introducing the alcohol into liquid and 
strongly cooled phosgene (B. 18 , 1177). They are volatile, disagreeable-smelling 
liquids, decomposable by water, and when heated with anhydrous alcohols they 
yield the neutral carbonic esters ; with ammonia they yield urethanes (p. 435) ; 
with hydrazine, hydrazicarbonic esters (p. 446) ; with ammonium hydrazicle, 
nitrogen compounds of carbonic esters (sec below). They contain the group 
COCl, just as in acetyl chloride ; hence they behave like fatty acid chlorides. 

The methyl ester, Cl.COjCIIa, b.p. 71*4°; ethyl ester, bp. 93®; D,j=i*i439f) ; 
propyl ester, b.p. 115®; tsohutyl ester, b.p. 128-8°; isoamyl ester, b.p. 154° (B. 
13 , 2417 ; 25 , 1449) ; allyl ester, b.p. 180° (A. 302 , 202). 

Perchlorocarhonic Ethyl Ester, Cl.COOCjClj, nj.p. 2b°, b.p. 83°, b.p. 7,0 209°, 
D-=i* 737, is isomeric with pcrchlo race tic methyl ester (p. 288 ; A. 273 , 50). 

Chlorocarbonate of Glycolhc Ester, Cl.CO.OCHaCC^aCiHs, b.p. 182°. Chloro^ 
carbonate of Lactic Ester, Cll8Cll(OCOCl).CO,C2ll5, b p.,, 91° (A. 302 , 262). 

(2) Carbonyl Chloride, Phosgene Gas, Carbon Oxychloride, COCl 2, 
b.p. 8°, was first obtained by Davy, in 1812, by the direct union of CO 
with CI2 in sunlight ; hence the name phosgene, from light, and 
yci/rao), to produce. It is also formed by conducting CO into boiling 
SbCls, and by oxidizing chloroform by air in the sunlight or with 
chromic acid : 

2CHCI, -hCrO, +20 =2COaa +H, 0 +Cr02Cl,. 

Phosgene is most conveniently prepared from carbon tetrachloride 
(100 C.C.), and 80 per cent. “Oleum” (120 c.c.), a sulphuric acid 
containing SO3 (B. 26, 1990), when the SOg is converted into pyro- 
sulphuryl chloride, S2O6CI2. 

Technically it is made by conducting CO and Cl, over pulverized and cooled 
bone charcoal (Paterno). 

Carbonyl chloride is a colourless gas, which on cooling is condensed 
to a liquid. Reactions : (i) Water at once breaks it up into CO2 and 
2HCI. (2) Alcohols convert it into chlorocarbonic and carbonic esters. 

(3) With ammonium chloride it forms urea chloride, (4) Urea is pro- 
.duced when ammonia acts on it. Phosgene has been employed 
in numerous nucleus-synthetife^ reactions, e.g. it has been used 
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technically for the preparation of di- and tri-phenylmethane dye* 
stuffs (see Tetramethyl l&amidobenzophenone, Vol. II.). 

Carbonyl Bromide, COBr,, b.p. 64-65®, Di5=2*45, is prepared from carbon 
tetrabromide and concentrated sulphuric acid, at 150-160®. It is a colourless 
liquid which fumes in the air (A. 845 , 334). 


SULPHUR DERIVATIVES OF ORDINARY CARBONIC ACID 

By supposing the oxygen in the formula CO(OH)2 to be replaced 
by sulphur, there result : 


r. CO<S« 

Thiocarbonic Actd 
Carbonmonothiolic Acid. 

2. CS<gH 

Sulphocarboutc Actd 
Thion-carboiiic Acid. 

3. co<|“ 

Dtlhiocarbontc Actd 
Carbondithiohc Acid 

4. CS<|H 

Sulphothiocarbonic Actd 
Tbion-carbon-thiohc Actd. 

5. cs<|w 

Trithiocarbontc Acid. 

m 




The doubly-linked 5 is indicated in the name by sulph or thion, 
whilst it is termed thio or thiol when singly linked. 

The free acids are not known, or are very unstable, but numerous 
derivatives, such as salts, esters and amides, are known. Carbon 
oxysulphide, COS, is the anhydride or sulphanhydride corresponding 
with thiocarbonic acid, sulph ocarbonic acid and dithiocarbonic acid. 

Carbon Disulphide, CS2, sustains the same relation to sulphothio- 
carbonic acid and trithiocarbonic acid that carbon dioxide does to 
ordinary carbonic acid. 

Phosgene corresponds with thiophosgene, CSCI2. 

The two anhydrides, COS and CS2, will first be discussed, then the 
salts and esters of the five acids just mentioned, to which thiophosgene 
and the sulphur derivatives of the chlorocarbonic esters are connected. 

Carbon Oxysulphlde, COS (1867 C. «. Than, A. Spl. 5 , 243), occurs in 
some mineral springs qs, for example, in the sulphur waters of Hark any and 
Parid in Hungfiiy, and is formed (i) by conducting sulphur vapour and carbon 
monoxide through red-hot tubes; (2) on heating CSj with SO,; (3) by the 
action of COCl, on CdS at 260-280® (B. 24 , 2971) ; (4) by the action of fatty 
acids (p. 276) ; or (5) sulphuric acid, diluted with an equal volume of water on 
potassium thiocyanate, HSNC-f HjO^COS-fNHa (B. 20 , 550). 

In order to obtain it pure (B. 36 , 1008) the gas may be conducted into an 
alcoholic potassium hydroxide solution, and (6) the separated potassium ethyl 
thiocarbonatc, CjHjOCOSK, decomposed with dilute hydrochloric acid. 

Carbon oxysulphide is a colourless gas, with a faint and peculiar odour. 
It inflames readily, and forms an explosive mixture with air. It is soluble in 
an equal volume of water, and in 6 volumes of toluene at 14®. It is decomposed 
by the alkalis according to the following equation : 

COS -h4KOH *= K,CO,+ K,S -h 2 H, 0 . 

Carbon Disulphide, CS2, b.p. 47®, Do 1*297, was first obtained in 
*1796 by Lampadius, when he distilled p5nrites with cArbon. It is pre- 
pared by conducting sulphur vapour over ignited charcoal, and is one 
of the few carbon compounds which can be prepared by the direct 
union of carbon with other elements. It is a colourless liquid with 
strong refractive power. It is obtained pure by distilling the com- 
mercial product over mercury or mercuric chloride ; its odour is then 
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very faint. It is almost insoluble in water, but mixes with alcohol 
and ether. It serves as an excellent solvent for iodine, sulphur, phos- 
phorus, fatty oils and resins, and is used in the vulcanization of rubber. 
In the cold it combines with water, 3delding the hyirate 2CS2-I-H2O, 
which decomposes again at —3*. 

Small quantities of carbon disulphide are detected by conversion into 
potassium xanthate, by means of alcoholic potassium hydroxide, from which the 
copper salt is obtained. The production of the biighl-red compound of CS, 
with triethyl phosphine (p. 173, and B. 13 , 1732) is a more delicate test. Comp, 
also the mustard-oil reaction, p. 63. 

HjS and CSj conducted over heated copper yield methane (p. 71). Carbon 
disulphide is fairlv stable towards dry halogens, so that it is frequently used 
as a solvent in adding halogens to unsaturated carbon comyiounds. 

However, moist chlorine gas converts CSj into thiocaibonyl chloride, CSClj, 
and in the presence of iodine into CClgSCl, perchloromathyl mercaptan and 
S,Clt ; finally into CCI4 (p. 429). Alcoholates change it into xanthates. 

Thiocarbonic Acids. — ^The salts and esters of all these acids, 
which wlif'n free are exceedingly unstable, may bo produced (i) by 
the union of the anhydrides, CO2, COS, CS2, witli (rt) the sulphides 
of the alkali and alkali earth metals, (6) the mcrcaptides of the alkali 
metals, (c) and of the last two with alcoholates ; (2) by the trans- 
position of the salts thus obtained with alkylogens and alkylene di- 
halides ; (3) by the action of alcohols and alcoholates, mercaptans 
and alkali mercaptides on COClg, CI.CO2C2H5 (p. 430), CSCI2 and 
CI.CS2C2H5 (p. 434)* 

Monotliiocarbonic Acids. 

1. Ethyl Thloearbonie Acid, Ethyl Carbon-monothioHc Acid, HS.CO.OC2H 4. 
The potassium salt (Bender* s salt), KS COOC2H5, is obtained (i) from ethyl 
xanthic esters and alcoholic potassium hydroxide (p. 433), and (2) from carbon 
oxysulphide and alcoholic potassium hydroxide (J. pr. Ch. [2] 73 , 242). It 
forms prisms, easily soluble in water and alcohol, and produce's a white pre- 
cipitate with copper sulphate. With ethyl iodide its salt forms Thio-etkyl 
Carbonic Ethyl Ester, CjHjS.COOCjHg. b p. 15^°, which cah also be prepared from 
chlorocarbonic ester, CICOOC2H5, and sodium or zinc mercaptidc. Alk<ilis decom- 
pose it into carbonate, alcohol and mercaptan (B. 19 , 1227). Thtodicarbonic 
Ester, SfCOOCgHj),, b p.jg 118®, is produced from chlorocarbonic ester and NagS 
(J. pr Ch. [ 2 ^ 71 , 278). 

2. Sulphooarbonlc Acid, Thton-carbonic Acid, HOCSOJI Its ethyl ester, 
CS(O.C2H5)g, b.p. 161°, IS produced by the action of sodium alcoholate on 
thiocarbonyl chloride, CSClg, and in the distillation of S2(LbOCgHg). It is an 
ethereal smelling liquid. With alcoholic ammonia the ester decomposes into 
alcohol and ammonium thiocyanate, CN.S.NH4. 

Diihiooarbonic Acids. 

3. Dithiocarbonio Acid, Carbon-diihiolic Acid, CO(SH)2. The free 
acid is not known. 

The methyl «5/^r,*CO(S.GH,)g, b.p. ibg* ; ethyl ester, CO(S.CgH5)g, b.p. 196®. ‘ 
These result (i) when COClg acts on the mercaptides : 

COCI, +aC^,.SK=CO(S.C,H,),+2Ka ; 

and (2) when thiocyanic esters (^ 468) are heated with concentrated sulphuric 
acid : ' , 

aCN.S.CH,H-3HgO=C;p{S.CH.)t+COg+2NHa. 
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(3) from imido-dithio-carbonic ester (p. 450) and dilute hydrochloric acid (C. 

1905. 1- 447) • 

RN:C(SCH,),+H, 0 =OC{SCH,),+RNH,. 

They are liquids with an odour of garlic. Alcoholic ammonia decomposes 
them into urea and mercaptans : 

CO(S.C,H,),+ 2 NH,-.CO<^ 2 j+ 2 C,H».SH. 

/S— CH, 

Dithiocarbonic Ethyhne Ester, CO^ | , m.p. 3x0*, is produced from 

trithiocarbonic ethylene ester. 


4. Sulphothiocarbonic Acid, Thion-carbon-thiolic Acid, HO.CS.SH, 
does not exist free. The xanihaies, R.O.C.SSMe, discovered by Zeise 
in 1824, ^re obtained from it. 

The xanthates are produced by the interaction of CS2 and alkali 
hydroxides in alcoholic solution — e,g. potassium xanthate, consisting 
of yellow, silky needles^ which crystallize : 

CS,+K 0 H 4 -C,H,. 0 H==C,H. 0 CSSK+H, 0 . 

Potassium Ethyl Xanthate. 

Cupric salts precipitate yellow copper salts from solutions of the 
alkali xanthates together with disulphides S2(CSOR)2 (comp. B. 38 , 
2184 ; C. 1908, I. 1092). The acid owes its name, iavOo^, yellow, 
to this characteristic. By the action of alkyl iodides on the salts 
the esters are formed. 

The latter are liquids possessing an odour of garlic, and are not 
soluble in water. Ammonia decomposes them into mercaptans and 
esters of sulphocarbamic acid (p. 448) : 

C,H,OCS.SC,H,+NH**C,H*OCS.NHa-fC,H5SH. 

Alkali alcoholates cause the production of mercaptan and alcohol, 
and salts of the alkyl thiocarbonic acids (p. 432) (B. 13 , 530) : 

Ethyl Xanthic Acid, C,H,OCSSH, is a heavy liquid, not soluble in water. 
It decomposes at 25® into alcohol and CS,. 

Sulphocarboxethyl Disulphide, (S.CS.O.CjHj),, m.p. 28®, is produced on 
adding a solution of iodine or copper salts to potassium xanthate (see above, 
and p. 274, for the formation of acetyl disulphide and the disulphides from the 
carbithionic acids). 

Ethyl Xanthate Ethyl Ester, CaHg.O.CS.S.C^Hj, b.p. 200®, is a colourless oil 

Methyl Xanthic Ethyl Ester, CHaOCSSCaH, (C. 1906, II. 502), b.p. 184®. and 
Ethyl Xanthic Methyl Ester, CaHj.O.CS.S.CHa, b.p. 184®. are distinguished by 
their behaviour towards ammonia and sodium alcoholate (see above). 

Ethylene Xanthic Ester, CaH4(SCSOCaH5)a, is decomposed by alkalis into the 
cyclic trithiocarbonic ethylene ester (p. 434) and Bender* s. salt (p. 432) (B. 88, 
488). Ethyl Xanthic Formic Ester, 0 , 11 , 008 ( 80000 * 11 ,), b.p. 133®, and Ethyl 
Xanthic Acetic Acid, 0 , 11 , 008 ( 8011 , 00011 ). m.p. 58®, are formed from a xanthate 
and chloroformic ester and chloroacetic ester respectively (J*. pr. Oh. [2] 71 , 264). 

5. Trithiocarbonic Acid, 08 ( 811 ),. is precipitated by hydrochloric acid as 
a reddish-brown, oily liquid, from solutions of its alkali salts, which are the 
products of interaction between carbon disulphide and alkali sulphide. It is 
insoluble in water and is very unstable. 08, and alkaline solutions of copper 
form well crystallizable double salts, OS,OiiK, 08,0u(NH«) (B. 35 , 1x46). Other 
salts, such as 08a.Ba, see 0. 1907. I. 539 ; J. pr. Oh. [2] 78 , 245. 

VOL. I.. 8 F 
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Th^ alkali salts of the trithiocarbonic acids, reacting with the corresponding 
halogen compound, give rise to the following esters : 

Trithiocarbonic Methyl Ester, CS(SCHs)|, 204-205®. 

Trithiocarbonic Ethyl Ester, CS(SCsH5)„ b.p. 240®, with decomposition. 

< SCH, 

I , m.p. 39 '5®, is converted by 
SCH, 

oxidation with dilute nitric acid into Dithiocarbonic Ethylene Ester (p. 433) 
(A. 126, 269 ). 

Trithiocarboxylic Diglycollic Acid, SC(SCHaCOOII)a, m.p. 172®, is formed 
from potassium tiithiocarbonate and chloracetic acid. Oxidation converts it 
into Carbonyl Dithioacetic Acid, OC(SCHaCOOIl)„ m.p. 15&® (J. pr. Ch. [2] 
71, 287). 

Chlorides of the Sulphocarbonlc Aeids : Thiophosgene, Thiocarhonyl Chloride, 
CSCla, b.p. 73®, 0=51-508, is produced when chlorine acts on carbon disulphide, 
and when the latter is heated with PCl^. in closed tubes to 200® : 

CS, +PCI4 =5CSCl,-f-PClaS. 

It is most readily obtained by reducing perchloromethyl mercaptan, CSCI4 
(below), with stannous chloride, or tin and hydrochloric acid (B. 20, 2380 ; 
21 , 102 ): 

CSCl 4 +SnCla=CSCl, l-SnC^. 

This is the method employed for its production in large quantities. 

It is a pungent, red-coloured liquid, insoluble in water. On standing exposed 
to sunlight it is converted into a polymeric, crystalline compound, 0284014 
=01.0S.S CCI3, methyl perchlorodxihioformate, m.p. 116°, which at 180® reverts 
to the liquid body (B. 26, R. 600). V/ater decomposes thiophosgene into CO, 
HjS and 2HCI, whilst ammonia converts it into ammonium thiocydnate (p. 4O7). 

Thiocarbonyl chloride converts secondary amines (i molecule) into dialkyl 
sulphocarbamic chlorides : 

CSCl, +NH(C,H,)C,H,=Cl.CSl^<^Jy‘ +HC1. 

A second molecule of the amine produces tetra-a^kylic thioureas (B. 21, 102). 

Phosgene and thiophosgene, when acted on by alcohols and mercaptans, 
yield sulphur derivatives of chlorocarbonic ester. 

Chlorocarbon-thiolic Ethyl Ester . • • . Cl COSC'jMs 

Chlorothioncarbontc Ethyl Ester .... Cl.CSC)C2ll6 

Chlorodithiocarbonic Ethyl Ester .... Cl.CSSCgHj, bp.,, 90® (B. 86 , 3377) 
Perchlorodithiocarbonic Methyl Ester . . CI.CSSCCI3 (see above, thiophosgene) 
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Perchloromethyl Mercaptan, CCI,.SC1, b.p. 147®, results from the action of 
chlorine on CS,. It is a bright yellow liquid. Stannous chloride reduces it 
to thiophosgene. Nitric acid oxidize'S it to 

Trichloromethyl Sulphomc Chloride, CCl,.SO|Cl, m.p. 135®, b.p. 170®, which 
can also be made by the action of moist chlorine on CS,. It is insoluble in 
water, but dissolves readily in alcohol and ether. Its odour is like that of 
camphor, and excites tears. Water changes the chloride *0 

Trichloromethyl Siilphonic Acid, CCl,.SO,H-f-HjO. consisting of deliquescent 
crystals. By reduction it yields CHCl2.SO,H, dichloromcthyl sulphonic acid, 
CH,Cl.SO,H, monochloromethyl sulphonic acid, and CH,.SO,H (P.Z46). 

Dibromomethane Diethyl Sulphone, CBr2(S02C2HB)2. m p. 131®, and diethyl- 
sulphone ditodom ethane, Cl2(S02C2H5)2, m.p. 17O®, are formed when bromine 
acts on the potaseium salt of methane, diethylsulxihone, and iodine in 
potassium iodide, or iodine alone (B. 80, 487). 

Potassium Di-iodomethane Disulphonate, CI|(SO,K)2, and Potassium lodo- 
methane Disulphonate, CH1(S03K)2, are produced when potassium diazomethane 
disulphonate is decomposed with iodine and with hydrogen iodide. Sodium 
amalgam reduces both bodies to methylene disulphonic acid (p. 210). 

Potassium Methanol Trisulphonc^e, H0.C(S02K),.H|0, results when the 
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addition prodlict of acid potassium sulphite and potassium diazomethane dieul^ 
phonate is boiled with hydrochloric acid. A similar treatment of potesainm 
sulph’hydiazunethylene trisulphonate will also yield it (B. 29 , 2x6x). 


J 


AMIDE DERIVATIVES OF CARBONIC ACID 


Carbonic acid forms amides which are perfectly analogous to those 
of a dibasic acid — oxalic acid (p. 480) : 

CO<NH. CO<NH. cO<gH. 

Carbamic Acid. Urethane, Urea Chloride, Urea, 

Carbamic Ester. Carbamic Cblocida. Carbamide. 


CONH, CONH, 

ioOH CO O C .Hj 

Ozamic Acid. Oxamethane, 

Oxamic Ebter. 


CO.NH, 

I 

CO.NH, 

Oxamide. 


Carbamic Acid, Amidoformic Acid, H2N.COOH, is not known in a 
free state. Its ammonium salt is contained 111 commercial ammonium 
carbonate, when this is prepared by the direct union of two molecules 
of ammonia with one of carbon dioxide. It is a white mass which 
breaks up at 60® into 2NH3 and CO2, which combine again upon cooling. 
By the absoiption of water it changes into ammonium carbonate. 
When ammonium carbamate is healed to 130-140° in sealed tubes, 
water is withdrawn and urea, CO(NH2)2» formed. For other salts 
of carbamic acid, see J. pr. Ch. [2] 10, 180. 

The esters of carbamic acid are called urethanes ; these are obtained 
(i) by the action of ammonia at ordinary temperatures on carbonic 
esters : 

CaHjO.CO.OCjHj+NH.^CaHgO.CO.NH.+C.HsOH : 

and (2) in the same manner from the esters of chlorocarbonic and 
cyanocarbonic acids : 

C,H 56 CO.C 1 + 2 NH 5 =CjH,OCO.NHj+NH 4 C 1 , 

C,HB0C0.CN+2NH,=C,H50C0.Nna+CN.NH4. 

Also (3) by conducting cyanogen chloride into the alcohols : 

N:ca+2C,H5.0H=H,N.C00C4H4+C,H.C1; 

( ^) by the direct union of cyanic acid with the alcohols • 

NH:CO +C,H 5 . 0 H =HaN.COOC.Hg. 

When an excess of cyanic acid is employed, allophanic esters arc also produced 
(p. 444) ; and (5) from urea chloride and the alcohols. 

The urethanes are crystalline, volatile bodies, soluble in alcohol, ether and 
water. Sodium acts on their ethereal solution with the evolution of hydrogen ; 
in the case of urethane it is probable that sodium urethane, NHNa.COOCjH, or 
NH : C(ONa)OC,Hg (B. 23 , 2785), is produced. Alkalis d^ompose them into 
COs, ammonia and alcohols. They yield urea when heated with ammonia : 
H,NC0.0CaHg+NH,=H,NC0.NHa+C,H40H. 

Conversely, on heating urea or its nitrate with alcohols, the urethanes are 
regenerated (C. 1900, II. 997). 

Urethane, Carbamic Ethyl Ester, NHiCOaCaHa, m.p. 50°. 184^* crya- 

taUazes in plates ; methyl ester, m.p. 50®, b.p. 177® ; propyl ester, m.p. ^3*, 
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b.p. 1^5* Urethane is successfully employed as a soporific ; but is surpassed 
in this characteristic by higher esters, such as methyl propyl carbinol urethane, 
hedonal, NH,COOCH{CH,)(C,H,), m.p. 76®. b.p. 215® (C. 1900. I. 1208; II. 
997 ; 1901. I. 1302); allyl ester, NHaCOOCjH,, m.p. 21®, b.p. 204®. 

Acetyl Urethane, CHjCO.NHCO,C,H5, m.p. 78°, b.p.,, 130®, is obtained from 
acetyl chloride and urethane. Hydrogen in it can be replaced by sodium. Alkyl 
iodides acting on the sodium compound produce alkyl acetyl urethanes (B. 25, 
R. 640). When heated to 150® with urea, acetyl urethane passes into aceto- 
guanamide, or methyl dioxytriazine, and with hydrazine it yields the triazolones 
(A. 288 , 318). 

Chlor- and brom-acetyl Urethane, a~Bromopropionyl Urethane, etc., result from 
the action of sodium urethane on halogen fatty acid esters (B. 38 , 297). 

Aminojormyl Glvcollic Ester, NH2CO.OCH2CO2C2II5, m.p. 61°, and Aininn 
formyl Lactic Ester, m.p. 65®, are obtained from the corresponding chloro-com- 
pounds (p. 430). 

The esters of these alkylated carbamic acids are formed, like the 
urethanes, by (i) the action of carbonic or (2) chlorocarbonic esters 
on amines ; and {3) on heating isocyanic esters (p. 461) with the 
alcohols to 100® : 

C0:NC,H,+C,H50H=C,H5NH.C00C,H5. 

also (4) by the interaction of the chlorides of alkyl urea and the alco- 
hols ; (5) when alcohols act on acid azides (p. lOo). 

RC 0 N 3 -f-C,H 50 H=RNHC 00 C,H,+N,. 

Methyl Carbamic Ethyl Ester, CHj.HNCOOCjH,, b.p. 170® (B. 28, 855; 23, 
2785), can also be prepared from sodium urethane iodomethane. 

Ethyl Carbamic Ethyl Ester, CjlIjllNCOOCjH,, b.p. 175°. 

Ethylene Urethane, CjHgOCONHCHaCHjNHCOOCaH,, m.p. 113^, is formed 
from ethylene diamine and ClCOjCjH, ( B. 24, 2268). 


Hydroxyethyl Carbamic Anhydride, bCH,CH,.NHC6, m.p. 90®, is prepared 
from brom-ethyl amine hydrobromide, and silver or sodium carbonate (13. 30, 
2494). 

Alkylldene Urethanes and Diurethanes. Hydroxymethyl Urethane, HOCH,.- 
NI-ICOjCaHj. is prepared from glycollic acid azide and alcohol (B. 34, 2795). 
Methylene Diureihane, CH2(N1IC02C2H5)2, m.p. 131®, is imiduced from urethane, 
formaldehyde, and a little hydrochloric acid, and when healed witli more acid 
and acetic anhydride there is formed anhydroformaldchyde urethane, (CH, 
NCOaCgHg),. m.p. 102® (B. 36, 2206). 

Ethylidene Diurethane, CH8CII(HNCOOC,H5)2, m.p. 126®, is prepared from 
urethane and acetaldehyde ; it crystallizes in shining needles (B. 24, 2268), 

Chloral Urethane, CCl,.CH(OH)NHCO,CaH5, m.p. 103®. is formed from 
urethane and chloral. Acid anhydrides convert it into T richlorethylidene Urethane, 
CCl,.CH : NCOOCaHj, m.p. 143® (B. 27, 1248). 

Diurethane^ Glyoxyhc Acid, {C,H,OCONH),CHCO,H, m.p. 160® ; ethyl 
ester, m.p. 143®; is prepared from glyoxylic ester, urethane and hydrochloric acid 
(C. 1906, II. 598^ 

Carbamic Acid derivatives of the Aminocarboxylic Acids and Peptides are of 
importance in the 'identification and synthesis of the latter bodies (p. 391). 
(t) Their Ca and Ba\ salts are obtained from the amino-acids in solutions of 
the alkali earths by the passage of CO, as more or less soluble crystalline 


precipitates : 


CHaNin 


‘4jUBa(OH),+CO, ■ 


CHj.NH.CO 

I 

COjBa— O 


They readily decompose, rXforming the amino-acid (B. 39 , 397 ; C. 1908, 
I. 1287). ^ \ 

(2) Esters are prepared from \;hlorocarbonic esters and alkaline solutions 
of amino-acids or their esters. ^ 
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Carboxethyl Giycina, Uvaihane Acetic Acid, CtH«O.CONHCHsCOOH, m.p. 
75® ; eihyi astavt, m.p. 28®, b.p-i, 126®. 

Carbomethoxy Glycine, CHgOCONHCHjCOjH, m.p. q6® ; ethyl ester, b.p.i^ 
128®. Thionyl chloride converts these acids into unstable chlorides, ROCONH- 
CHsCOCl, which, on warming, give ofiF chloro>alkyl and are changed into glycine 
anhydride : 

CH,OCONHCH,COCl >■ icONHCH.do. 

The anhydride, treated with ice-cold barium hydroxide solution, yields the 
same compound as is obtained from the barium hydroxide solution of glycine 
when treated with CO,. The anhydride on being heated loses CO, and 
polymerizes to g lycine anhydride, (NHCH,CO)» (B. 39 , 857). Leucine Carbonic 

Anhvdride, OCONHCH(C,H,)CO, m.p. 49® (B. 41 , 1725). 

Carboxethyl Alanine, C,H,OCONHCH{CH,)COOH, m.p. 84®; ethyl ester, 
b.p.,, 123® (A. 340 , 127). 

Carboxyethyl Glycyl Glycine Ester, C,H,OCO.NHCH,CONHCH,COOC,H,, 
m.p. 87®, is obtained from glycyl glycine ester (p. 392) and ClCO,R ; or from 
carboxyethyl glycine chloride (see above) and glycine ester. Hydrolysis liberates 
the free, dibasic GJycine Carboxylic Acid, m.p. 208®, with decomposition. 

The remarkable solubility of this compound points to its being a ring compound 
NH— CH,v 

of the formula | NHC,.COOH. It yields a diethyl ester, m.p. 

(HO),C O^ 

149®, isomeric with the original carboxethyl glycyl glycine ester, and a stable 
Ba salt, which is different from the unstable salt of the true glycyl glycine acid, 
prepared from glycyl glycine barium hydroxide and CO, (B. 40 , 3235). 

Diglvcyl Glycine Carboxylic Acid and Triglycyl Glycine Carboxylic Acid behave 
similarly (B. 36 , 2094). 

Nitroso- and Nitro-ur ethanes are of interest, partly on account of their con- 
nection with the diazo- bodies (pp. 169, 213), with nitramxde and other compounds. 

Nitrosocarbamic Methyl Ester, NO NHCO,CH3, m.p. 61® (A. 302 , 251). 
Nitrosour ethane, NO.NHCO,C,H„ m.p. 51®, with decomposition, is formed by 
reduction of ammonium nitro-urcthane with glacial acetic acid and zinc dust 
(A. 288 , 304). The salts of these esters probably possess the formula HO.N 
NCO,R (B. 32 , ^148 ; 35 , 1148) 

Methyl Nitrosour ethane, ON.N(CH,)CO,C,H,, is prepared from methyl 
urethane and nitrous acid. It is a liquid, which with alkalis yields diazo- 
methane (p. 213) with the intermediate formation of CH, N: NOK. 

Nitrocarbamic Methyl Ester, N02.NHC0,CH3, m.p. 88® (A. 302 , 249). Nitro~ 
urethane, NOa-NIICO^CgllR, m ]). 64®, results from the action of ethyl nitrate 
on a cold solution of urcthant' in concentrated sulphuric acid. It is easily soluble 
in water, very easily in ether and alcohol, but with great difficulty in ligroin. 
It shows a strongly acid reaction, whilst its salts are neutral : A mmonium nitro’ 
urethane, NO,N(NH4)CO,C,IT5 ; potassium mtrourethane, NO,NK.COaCaH, 
(A. 288 , 267). Nitrocarbamic Acid, NOg.NH.COjH, liberated from its potassium 
salt by sulphuric acid at 0°, decomposes into CO, and NUramide, NO-NH,, m.p. 
72-85°. This is isolated by means of ether. Potassium Nitrocarbamate, 
NOoNllCOaK, results when potassium nitrourethane is treated with potassium 
hydroxide in methyl alcohol. It crystallizes in fine white needles. 

Methyl Nitrourethane, NO,.N(CH,)CO,C,H5, is formed from silver nitro- 
urethane and iodomethane ; also from methyl urethane. It is a colourless, 
plr* I'^antly-smelling oil. It is decomposed by ammonia into methyl nitramine 
(p. 1 09). 

Urea Chlorides, Carbamic Acid Chlorides, are •produced by the 
interaction of phosgene gas and ammonium chloride at 400® ; by action 
of COCI2 on the hydrochlorides of the primary amines at 260-270®, 
and also on the secondary amines in benzene solution (B. 20 , 858 ; 
21, R. 293) : 


(IOCl,-hNH,.HCi-iClCONH,+2Ha. 
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Ufm Chloride, Carbamic A ad Chloride, Chlorocarbonic Amide, Cl.CONHs, 
m.p. 50®, b.p. 6i-62®, when it dissociates into hydrochloric acid and isocyanic 
acid, HNCO. The latter partly polymerizes to cyamelide. Urea chloride under- 
goes a like change on standing. 

Methyl Carbamyl Chloride, ClCONH.CHs, m.p. 90®, b.p. 94®. Ethyl Urea 
Chloride, ClCONH.CjH*, b p. 92®. 

These compounds boil apparently without decomposition, yet they suffer 
dissociation into hydrochloric acid and isocyanic acid esters, which reunite on 
cooling : 

COHCH,+HCl=Cl.CONH.CHa. 

Dimethyl Urea Chloride, Cl.CON(CHj)g, b.p. 167® C. (see Tetramethyloxamide). 

Diethyl Urea Chloride, Cl.CON(C,H,)„ b.p. 190-195®, is obtained from 
diethyl oxamic acid by means of PCI 5. 

Reactions. — (i) The urea chlorides are decomposed by water into CO, and 
ammonium chloride. (2) They yield urethanes with alcohols. (3) With amines 
they form alkylic ureas : 

H,NCOC1+2C,H5.NH,=HjNCONHC,H5 4-C,H5NH,.HCL 

Nucleus-synthetic reactions : (4) With benzene and phenol ethers hi the presence 
of AlCl. they yield acid amides : f 

Aia, 

ClCO.NH,+C,H, > CgHjCONKj+HCl. 

Carbamide, Urea, was discovered by v. 

Rouelle in urine in 1773, and was first synthesized from ammonium 
isocyanate by Wohler in 1828 (Pogg, A. (1825) 3 , 177; (1828) 
12 , 253). This brilliant discovery showed that organic as well 
as inorganic compounds could be built up artificially from their 
elements (p. i). It occurs in various animal fluids, chiefly in the 
urine of mammals, and can be separated as nitrate from concentrated 
urine on the addition of nitric acid. It is present in small quantities 
in the urine of birds and reptiles. A full-grown man voids upon an 
average about 30 grams of urea daily. The formation of this substance 
is due to the decomposition of proteins. It may be prepared arti- 
ficially : (i) by evaporating the aqueous solution of ammonium iso- 
cyanate, when an atomic transposition occurs {WohJer ) : 

COiN.Nll* > CO(NH*)a. 

Mixed aqueous solutions of potassium cyanate and ammonium sulphate (in 
equivalent quantities) are evaporated ; on cooling, potassium sulphate crystallizes 
out and is filtered off, the filtrate being evaporated to diyness, and the urea 
extracted by means of hot alcohol. This is also a reversible process. On heating 
An urea solution for some time to 100®, four to five per cent, of the urea will be 
changed to ammonium cyanate (B. 29, R. 829 ; C. 1903, I. 139). 

(2) When a solution of carbon monoxide in ammoniacal cuprous chloride 
solution is heated, copper is precipitated and urea is formed (C. 1899, I. 422) : 

CO -f- 2NH, +Cu ,C1, =CO{NH,), +2HCI + 2Cu. 

It is also formed by the methods in general use in the preparation 
of acid amides : (3) by the action of ammonia {a) on carbamic 
esters or urethanq^, (6) on dialkyl or diphenyl carbonic esters (B. 
17 , 1826), and (c) on chlorocarbonic esters. The bodies mentioned 
under b and ^ first change to carbamic esters : 

NHa.COgC,H,+ NH3=NH,CONH,-hC,H,OH 
CO(OCtH,),-f2NH8=NH,CONH,+2C,H30H 

C0(0C8H8)a+2NH8<=:tNH8C0NHt+2C.H80H (method of preparation) 
aCOgCgH. +3NH.«NH,C0NHi-i-C8H80H+NH8CL 



A A nrrrw 




(4) By the action of ammonia on phosgene and urea chloride : 

C0C1,+4NH,=C0(NH,).+2NH4CI 

ClCONHa+3NHa=CO(NHj),-|-NH4U. 

(5) By heating ammonium carbamate or thiocarbamate to 130- 
140®. 

The two following methods of formation show the genetic relation 
of urea with thiourea, cyanamide and guanidine : 

(6) Potassium permanganate oxidizes thiourea to urea. (7) Small 
quantities of acids convert cyanamide into urea : 

CNNH,+H, 0 =CO(NH,),. 

(8) Urea is formed when guanidine is boiled with dilute sulphuric 
acid or barium hydroxide solution : 

NH:C(NH,),+H, 0 =CO(NHa),+NH,. 

Urea crystallizes in long, rhombic prisms or needles, which have a 
cooling taste, like that T)f potassium nitrate. It can be easily obtained 
pure by one rccrystallization from amyl alcohol (B. 26 , 2443). It 
dissolves in one part of cold water and in five parts of alcohol, and it 
is almost insoluble in ether. At high tempeiatures it decomposes 
{i)into ammonia, ammelide (p. 473), biuret (p. 445) andcyanuric acid. 
{2) When urea is heated above 100® with water, or when boiled with 
alkalis or acids, it decomposes into carbon dioxide and ammonia. 
The same decomposition occurs in the natural decomposition of urine. 

(3) Nitrous acid decomposes urea, in the same manner that it 
decomposes all other amides : 

C 0 (NH,),+N, 0 s-=C 0 ,+ 2 Nj+ 2 N, 0 . 

(4) An alkali hypobromite decomposes urea into nitrogen, carbon 
dioxide and water. If, however, urea is treated with NOCl-solution 
in presence of benzaldchyde, the Hofmann transformation takes place 
(comp, carboxylic amides, pp. 160, 276), and there results hydrazine 
carboxylic acid (p.* i) or hydrazine as a benzal derivative : 

NHtCONH.+NaClO+C.HgCHO > C.HsCHiN.NHCOOH+NaCl+HtO. 

Salts : Urea, like glycocoll, forms crystalline compounds with acids, bases 
and salts. Although it is a diamide it combines with but one equivaient of 
acid, whereby one only of the amido-groups is neutralized by the ac id radical. 

Urea Nitrate, CO(NH2)2 IINO2, forms leaf-like crystals, which are not very 
soluble in nitric acid. The oxalate, [C0(NH2)2]2(C02H)2, consists of thin leaflets, 
which are soluble in water. 

On evaporating a solution containing both urea and sodium chloride, the 
compound, CO(NH2)2.NaCl+H20, separates in shining prisms. 

** The extent of the decomposition of proteins in the animal body 
is one of the most fundamental questions of physiology." Urea is 
by far the most predominant of the nitrogenous decomposition pro- 
ducts of proteins in mammalia and batrachia. Its accurate deter- 
mination is, therefore, of the utmost importance. ^ 

The Kjeldahl-Wilfarth method is the best adapted for the estimation of 
nitrogen in the products of the metabolism. The method of Liebig may also be 
used for the determination of urea, which consists in titrating in neutral solution 
with mercuric nitrate (see B. 89 , 705), when a precipitate, consisting of a mixture 
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of doable compounds of carbamide and mercuric nitrate, separates, together 
with the simultaneous liberation of nitric acid. The Knop~Hufner method 
consists in decomposing the urea with sodium hypobromite (see above). PflUger 
and his students have critically examined all me&ods suggested for this purpose 
(comp. Arch. f. d. ges. Phys. 21 , 248 ; . 85 , 199 ; 36 , loi, etc.). 

Alkyl Ureas are produced according to the same reactions which yield urea 

(i) when primary or secondary amines act on isocyanic esters or isocyanic 
acid : 

CO:NH -f NH,.C.H,=»NH,CONHC,H, 

Ethyl Urea. 

CO=NC2H,+NH(C,H5),=N(C,H6)2CONHC2Hg. 

Triethyl Urea. 

Alkyl ureas are formed, also, when isocyanic esters arc heated with water 
— COg, and amines being produced (p. 462) ; the latter unite with the esters : 

HgO CONCgHg 

CO=NCgH5 ^ COg+NHgCgHg ^ CO(NHCgH5)g. 

(2) They are also obtained by the action of urea chloride and alkyl-urea 
chlorides on ammonia, and primary and secondary amines (p. 437), as well as 
by the action of phosgene on the latter. 

(3) By the action of alkali hydroxides on the ureides, the urea derivatives 
containing acid radicals : 

CHs.NHCONH.COCHg+KOH=.CHg.NHCONH,H-CH3COgK. 

Methyl Acetyl Urea. Methyl Urea. 

(4) By desulphurizing the alkyl thioureas with an alcoholic silver nitrate 
solution (B. 28 , R. 915). 

Ureas of this class are perfectly analogous to ordinary urea so far as pro- 
perties and reactions are concerned. They generally form salts with one equiva- 
lent of acid. They are crystalline salts, with the exception of those ‘containing 
four alkyl groups. On heating those with one alkyl group, cyanic acid (or cyanuric 
acid) and an amine are produced. The higher alkylated membiTS can be distilled 
without decomposition. Boiling alkalis convert them all into CO, and amines : 

CH,NH.C 0 NH,+H, 0 =C 0 ,+NH 8 -f-NHj|.CH 3 . 

Methyl Urea, CHj.NHCONH,, m.p. 102®, results on heating methyl aceto- 
urca (from acetamide by the action of bromine and potassium hydroxide) with 
potassium hydroxide. 

Ethyl Urea, Callg.NHCONH,, m.p. 92®. 

a-Diethyl Urea, CO(NH.C,H5)2, m.p. 112®, b.p. 263®. 

p Diethyl Urea, (C,H3)2NCONUj, m.p. 70®. 

Triethyl Urea, (CaH3)2NCONHC,H5, m.p. 63®, b.p. 223®. 

Tetraethyl Urea, b.p. 210-215®, has an odour resembling that of 
peppermint. 

Tetrapropyl Urea, b.p. 258® (B. 28 , R. 155). 

AJlyl Urea, C3H.NHCONHJ, m.p. 85°, is converted by hydrogen bromide 
CH,.CH O 

into prapylene-ip-urea (p. 446), | >C:NH (B. 22 , 2990 ; C. 1898, II. 766). 

CHa— NH 

DIallyl Urea, Smapoline, CO(NH.C3H5)2, m.p. 100®, is formed when allyl 
isocyanic ester is heatt^ with water, or by heating mustard oil with water and 
lead oxide. Diallyl thidarea is first formed, but the lead oxide desulphurizes it 
(P- 452 )- ' \ 

Carhamido-ethyl Alcohol, HOCH8CH8.NHCONH,, m.p. 95®, is obtained from 
hydroxyethylamine i^cyanat^ or 2-amino-ethanol (B. 28 , R. 1010). 

\ 

CycUo AUcylene Urea Deri*imtiTei. 

The ureas and aldehydes combine at the ordinary temperature, 
with loss of water, to }deld the f(^owing compotmds : 
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Methylen* Urea, CO<^^>CHg. consists oi white, granular crystals (B. 80 , 
8731 : C. *897, II. 736). 

Ethylidene Urea. CO<Cy||l>CHCH,. m.p. 154®, is decomposed, by boiling, 

into its component parts. Whi n HCl gas is passed into a mixture of acetone 
and urea, there is formed triacetone diurea, (CH,)jC[NHC0N:C(CH,)J,+3H|0, 
m.p. 265-268° with decomposition (B. 84 , 2185). 

Ethylene Urea, m.p. 131°, isomeric with ethylidene urea, is 

produced on heating ethyl carbonate with ethylene diamine at i8o°. 
It is also formed, together with hydantoln (p. 442), when parabanic acid or 
oxalylurca is elcctrolytically reduced (B. 84 , 3286). 

Nitric acid produces ethylene dinitrourea. The union of ethylene diamine 
and hydrocyanic acid, however, gives rise to ethylene diurea, NHjCONH.CH*- 
CH2NHCONH,. 

Trimethylene Urea, m.p. 260°, is obtained from ethyl 

carbonate and trimethylene di.unmc ; or by the electrolytic reduction of 
barbituric acid and related compounds (see Malonyl Urcaj. Similarly, 
the reduction of methyl uracil (p. 416) produces methyl trimethylene urea, 

m.p. 201° (B. 33 , 3378 ; 34 , 32S6). 

Very little is known relative to the action of urea on dialdehydes, aldehyde- 
ketones, and diketones : Acetylene Diurea, Glycoluril, C8H,N402, is obtained 
from giyoxal and urea, as well as by the reduction of allantoln (B. 19 , 2477). 

Nitric acid converts it into Dinitroglycoluril, Acetylene Dinitrodiuretne, decom- 
poses at 217°, and when boiled with water passes into glycolureine, C^H^NjO*, 
isomeric with hydantoic acid. 


Glycoluril (?). 


-0<-NH.Cn.N(NO,)v,co 

Dinitroglycoluril. 


co< 


•NH.CHOH 

•NH.CHOH 

Glycolureine. 


Consult B. 26 , R. 291, for the action of urea on acetyl acetone. 

Nitrosoureas arc formed when nitrites act on the nitrates or sulphates of 
ureas which contain an alkyl group in the amido group : 

Nitroso-methyl NH2.CO.N(NO)CH8- Nitroso-a-diethyl Urea, NH(C,H5)- 

C0N(N0)C2H5, m.p. 5°. is a yellow oil at the ordinary temperature. The reduc- 
tion ot these compounds gives rise to the semicarbazides or hydrazine ureas, which 
yield alkyl hydrazines (p. 169) when they are decomposed. 

Nitrourea, NOa-NHCONllj. is produced when urea nitrate is introduced into 
concentrated sulphuric acid. It forms a white, crystalline powder when recrystal- 
lized from water. This melts at higher temperatures with decomposition. It 
is a strong acid ; its alkali .sails arc neutral in reaction, and it expels acetic acid 
from acetates (A. 288 , 281). 

Nitro-ethyl Urea, NO2.NHCONH.CtHg, m.p. 130-131®. 


DERIVATIVES OF UREA WITH ORGANIC ACID RADICALS URElDES 

The urea derivatives t>f the monobasic carboxylic acids are obtained 
by the action of acid chlorides or acid anhydrides on urea. By this 
procedure, however, it is possible to introduce but one radical. The 
compounds are solids ; they decompose when heat is applied to them, 
and do not form salts with acids. Alkalis cause them to separate 
into their components. 

Formyl Urea, NHjCONH.CHO. m.p. 167® (B. 29 , 2046). 

Acetyl Urea, NH.CONH.COCHg. m.p. 218®, (A 229 , 30; C. 1898. II. iSt), is 
is not very soluble in cold water and alcohol. It forms long, silky needles. 
(Consult B. 28 , R. 63, for the metal derivatives of formyl and acetyl urea.) 
Heat breaks it up into acetamide and isocyanuric acid. CMoracetyl Urea, 
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HaNCONH.COCHtCl, decomposes about i6o*. Bromaceiyl Urea, NHtCO- 
NH.COCHsBr, dissolves with difficulty in water. When heated with 
ammonia it changes to hydantoin. The ureides of the di alkyl acetic adds, 
such as (CjHjjjCHCONHCONHj, m.p. 207®, are also obtained from dialkyl 
malonic acid (p. 491) and urea by means of phosphorus chloride, etc. (C. 1903. 
11. 813). 

Methyl Acetyl Urea, CH3.NHCONH.COCH,, m.p. 180®, is obtained from 
methyl urea upon digesting it with acetic anhydride ; and by the action of bromine 
and potassium hydroxide on acetamide (p. 159) : 

2CH,CONH,+Br, - CO<^|J^^***+2HBr. 

Diacetyl Urea, CO(NH.COCH3)3. results when COCl, acts on acetamide, and 
sublimes in the form of needles without decomposition. 

XTrel'des of Hydroxyaoids. — Open and closed chain and ring- 
shaped or cyclic ureides are known. This is especially true of 
a-hydroxyacids, like glycollic, lactic, and a-hydroxyisobutyric acids. 
As the open-chain ureides are obtained from the closed-chain 
members by severing a lactam-union by means of alkalis or alkali 
earths: 



Hydantoin, 
Oosed-cbain Urelde 
of Glycollic Acid. 


.NH.CH,.CO,H 

CO< 

^NH, 

Hydantoic Acid, 
Open-chain Urelde 
of Glycollic Acid. 


Hydantolb, Glycolyl Urea, C 8 H 402 N 2 =to.NH.CH 2 .CO.NH, m.p. 

a fi y S 9 

2t6®, possesses the same series of C and N atoms as the glyoxalines or 
imidazoles (p. 347), but the ring is less stable than the glyoxaliiie ring. 
It is prepared (i) by reduction, by means of hot hydriodic acid, of 
allanto'in (q.v.) and alloxan (q.v.), both important oxidation products 
of urea. Also, by electrolytic reduction of parabanic acid (oxalyl urea) 
v(B. 34 , 3286). (2) It is synthetically produced from bromaceiyl urea (see 
a!;^ve) by heating it with alcoholic ammonia, whereby it gives up 
hy^robromic acid. (3) Also, by the action of urea on dihydroxy- 
tartanjc acid (A. 254 , 258). (4) Finally, by evaporating a solution 

of hydb^toic acid ester (p. 443) with hydrochloric acid (method of 
preparatn(>n). 
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synthesized by heating urea with glycocoll to zzo^ by boiling it with barium 
hydroxide solution (B. 89 , 2954), or by digesting glycocoll sulphate with potassium 
isocyanate, analogous to urea (p. 438). 

Hydantolc acid is very soluble in hot water and alcohol. When heated with 
hydriodic acid it yields COa, NH, and glycocoll ; ethyl ester, m.p. 135®, is easily 
obtained by the addition of potassium cyanate to glycocoll ester hydrochloride 
(B. 83 , 3418). It is also formed from glycine ester and sodium methane (B. 88, 

305)- 

Hydanto'in Homologues. — For nomenclature, comp, the hydantoln formula 
(p. 442) and also A. 327 , 355. Hydantoin, iodo-alkyls, and alkali give rise to 
c-a/Ay/ hydantotns, in which the NH-group between the two CO-groups is 
alkylated (see also B. 22 , 685 ; 25 , R. 327). 

The fi-alkyl hydantoins are formed when urea is fused together with mono- 
alkylic glycocolls. 

^-Methyl Hydantoin, CONHCHaCONCHa, m.p. 184®, is formed from silver 
hydantoin and iodomethane. Nitric acid converts it into p-Nttro-€-methyl 
Hydantoin, m p. 168® (A. 361 , 69). €-Ethyl H ydantoin, m.p. 102®. 

p’Methyl Hydantoin, ip:N(Cll8).CH,.CO.NH, m.p. 157®, was first obtained 
from creatinine, and is also formed when sarcosme (p. 387) is heated with urea : 
or by heating the sarcosine with cyanogen chloride (B. 15 , 2Zii). 

P-Ethyl Hydantoin, m.p. 100®, sublimes readily. 

The y- Alkyl Hydantoins may be synthesized bv heating the cyanhydrins of 
the aldehydes and ketones (p. 379) with urea (see a-Phenyl Hydantoin, and B. 21 , 

23^0) : 

XN XO.NH 

R.CH<: -fH,N.CO.NH8=R.CH< | +NH,. 

Ndh ^NH.CO 

a-Alkyl Hydantoin. 


a-Laetyl Urea, y-M ethyl Hydantoin, CO m.p. 140- 
145® (anhydrous) is formed, together with alanine from aldehyde ammonia by 
the action of potassium Ksocyanide containing potassium cyanide. Also, by 
the action of w«<rm hydrochloric acid on a-Lacturamic Ester (a-carbamidopro- 
pionate), NIIo('ONHCH(CH3)C02C m.p. Oj®, the pioduct of alanine ester 
hydiochloride and potassium cyanatc. Lactyl urea when boiled with barium 
hydroxide solution yields lacturamic acid, m.p. 15 5®. With 2 molecules of 

bromine it is converted into Bromopyruvefde, BrCHXNlICONHCO, m.p. 242®, 
which unites with excess of lactyl urea to form Pyruvic Ureide, CgH^NXe. 
yp~Dtmeihyl Hydantoin, m.p. 221®, and yP~Methyl Ethyl Hydantoin, m.p. 85®, is 
prepared from N-methyl alanine and N-ethyl alanine respectively, potassium 
cyanate, and hydiochloiic a -id. y~Ethyl Hydantoin, m.p. 118®, is obtained from 
a-aminobutyric acid (A. 348 , 50). y-Isobutyl Hydantoin, m.p. 210®. Isohutyl 
Hydantoic Acid is prepared from leucine, urea, and baiium hydroxide solution ; 
it is employed in the identification of leucine on account of its slight solubihty 
(p. 389) (B. 89 , 2953). 


», (5c 


diIh, 


a-Isobutyryl Urea, y Dimethyl Hydantoin, CONH.C(CH,)3CONH, m.p. 175”. is 
produced from acetone, hydrocyanic acid, and cyanic acid (A. 164 , 264) ; also 
from pinacolyl sulphourea (p. 452) and KMnOg, a-Carbimtdoistbuiyric Acid, 
NH2C0.NHC(CH3)2C00H, m.p. 155-160® ; both these substances are ureides 
of a'hydroxyisobutyric acid. 

y-Dialkyl Hydanto'lns, e.g, y-Diethvl Hydantoin, m.p. 165®. can also be prepared 
from cyanacetamide, by converting the latter into diethyr cyanacetamide, and 
treating this with bromine and alkali solution (Gaz. Chim. ilal, 26, 1. 197) - 


XONH. 

Diethyl Cvanacet- 
amide. 


XONH2 


Intermediate 

product. 


XONH 
inr,)2C< 1 

\nhco 

Diethyl HydxaMta. 
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CH,— KII— CO 

i8-Laetyl Utea, Hydrouracil, C4HfNaOi=| | . m.p. 275*, is 

CH,— CO-^-NH 

obtained similarly to diethyl hydantolii, by treating succinic diamide with 

bromine and alkali, through an unstable intermediate product, | 

CH,N:CO 

It has been obtained by several other methods. It results, together with tri- 
methylene urea, from the electrolytic reduction of barbituric acid (malonyl urea), 
of dialuric acid (tartroiiyl urea), and of uramil (aminomalonyl urea) (B. 34 , 
3286). Further, by heating acrylic acid with urea at 210-220°, and from 
/ 3 -aminopropionic acid and cyanic acid (B. 38 , 635). ^-Methyl Hydrouracil, 
(CH4)C4H4N,0,, m.p. 265°, and ^-Methyl Hydrouracil , lu p- 220°, are similarly 
prepared by heating urea with methyl acrylic acid and cro tonic acid. 4-Methyl 
hydrouracil is also produced from j3-aminobutyric acid and urea, and from 
) 3 -aminobutyric ester and cyanic acid. 

Bromine in glacial acetic acid yields hrowo-derivatives of hydrouracil, which 
easily give up HBr, and are converted into uracils (B. 34 , 3751, 4129 ; 38 , 636). 

The uracils or ureides of ) 5 -aldehydo- and keto- carboxylic acids, together 
with those of glyoxylic, oxalic, malonic, tartronic, anTl mesoxalic acids, will be 
considered later in connection with uric acid. 

DI- and Trl-carboxylamlde Derivatives. Ureides of Carbonic Acid. — Free 
dicarbamidic or imidodicarbonic acid and the free tricarbamic acids or nitrogen 
tricarboxylic acids are as unstable as free carbaminic acid itself (p. 435) ; but 
the esters, amides, and nitriles of these acids are known. They sustain the same 
relation to carbamic acid that diglycolamidic acid bears to glycocoll : 


NH*.CH 4 C 04 H 

Aminoacetic Acid. 

(NHjCOOH) 

Carbamic Acid. 



Iminodiacetic Acid. 


/CHjCOOH 
N' CUa( OOH 
XllgCOOH 
Nitrilotridcetic Acid. 


(NH<( c)OH/ 

Dicarbimidic Acid, 
Iminodirarboxylic Acid. 


Tricarbamidic Acid, 
Nitrilotiicarboxylic Acid. 


Dicarbamidic Ester, Imidodicarboxylic Ester, Nn(C02C2H5)2, m.p. 
50®, b.p. 215®, results when CICO2C2H5 acts on 2 molecules of 
sodium urethane ; from nitrogen tricarboxylic ester by decomposition 
with alkali ; and from carboxethyl isocyanate (p. 4^3) and alcohol. 
The ester yields a sodium salt, NaN(C02R)2' more readily than 
urethane and acetyl urethane (p. 436) (B. 36 , 736 ; 39 , 686). 

Allophanic Acid, NII2CONH.CO4II, is not known in a free state. A 
disodium suit of this acid, NH,CON(Na)COaNa, appears to be formed when a 
benzene solution of urethane is boiled in the presence of sodium (B. 35 , 779). Its 
esters are formed (i) when chlorocar boxy lie esters (i mol.) act on urea (2 mols.) 
(B. 29 , R. 589) ; (2) by passing cyanic acid vapours into anhydrous alcohols 
(p. 461). At first carbamic acid esters are produced ; these combine with a 
second molecule of cyanic acid and yield allophanic esters ( 13 . 22 , 1572) : 

HNCO+NHj.COaCjHg^NHaCONH.COjCaHa. 

From carbamic csters^or urethanes (3) by the action of urea chloride (B. 21 , 293) ; 
(4) carbonyl chloride (B. 19 , 2344) or (5) with thionyl chloride (B. 26 , 2172) : 

2 NH,C 0 ,C*H 4 + SOCl, =NHaCONH.CO,C 4 Hg + HCl + 50 , +C,H 5 C 1 . 

For the formation of allophanic esters by decomposition of a-hydroxy-acid 
azides (see B. 84 , 2794). Nitrogen tricarboxylic ester and also carboxy ethyl 
isocyanate (pp. 445, 463) with ammonia, yield allophanic ester (B. 89 , 686). 
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AUophanic Ethyl Ester, NHtCONHCOaCaHs. m.p. 191^ ; propyl ester, m.p. 
155® I awy/ ester, m.p. 162®. 

The allophanic esters dissolve with difficulty in water, and, when heated, 
split up into alcohol, ammonia, and cyanuric acid. The allophanates are obtained 
from them by means of the alkalis or barium hydroxide solution. They show 
an alkaline reaction and are decomposed by carbon dioxide. On attempting to 
free the acid by means of mineral acids, it at once breaks up into CO, and urea. 

Cyanamidocarhonic Acid, Cyanocarhamic Acid, CN.NHCO|H, is the corre- 
sponding nitrile acid of allophanic acid. Its salts are formed by the addition 
of CO, to salts of cyanamide (A. 331 , 270) : 

2CN.NHNa -i-CO, =NC.N:C{ONa)j| -hCN.NH,. 

The esters of this acid result by the action of alcoholic potassium hydroxide 
on esters of cyanamidodicarhoxyhc acid. 

Biuret, Allophanatnide, NHC0NH,C0NH,-|-H,0, m.p. 190® (anhydrous), is 
formed on heating the allophanic esters with ammonia to zoo®, or urea to 
15c 160® : 

nh,conh,»nh,co.nh.conh,+nh,. 

It is readily soluble in alcohol and water, and decomposes, when heated, into 
NH, and cyanuric acid. Heated in a current of HCl, biuret decomposes into 
NH3, CO,, cyanuric acid, urea, and guanidine. The aqueous solution, con- 
taining KOH, IS coloured a violet red by copper sulphate. (The biuret reaction : 
C. 1898, I. 375 ; B. 35 , 1105 ; A. 352 , 73.) 

Mononiirobiuret, N1I,C0.NII.C0.NH.N02» m.p. 105® with decomposition, 
is converted by hydrochloric acid and zinc dust into Aminobiuret, the hydro- 
chloride of which when boiled with water gives urazole (p. 448), and when treated 
with sodium nitrite yields Allophanic Acid Aside, NHjCO.NHCONg (A. 803 , 93). 

Imidodioximtdocarbonic Acid, , m.p. 65-70®, is prepared 

from Hg(CII,), and nitrogen peroxide (C. 1898, II. 1015). 

Carbamte Cyanide, Cyanourea, NH,CONII.CN, the half nitrile of biuret, is 
formed, like urea, from guanidine, as well as from cyanoguanidine or dicyandi- 
amidc (p. 457), by the action of barium hydroxide solution; when digested with 
mineral acids it yields biuret (R. 8, 708). (See B. 25 , 820, for alkyl cyanureas.) 

Carbonyl Dtureihane, CO(NIl('OOC,H5)a, m.p. 107®, is prepared from urethane 
(C. 1897, II. 2 5) and urea by tlie action of phosgene at 100® ; also from carboxetihyl 
isocyanate (p. 463) and water. 

Carbonyl Dturea, CO(NHCONH,)„ m.p. 231°, is also produced from urethane 
(C. 1897, II. 25), and urea with phosgene at 100®. When heated it passes directly 
into NHj and cyanucic acid (p. 463) (B. 29 , R. 589) 

Carbonyl Dimethyl Urea, CO(NHCONH.CHs)2, m.p. 197®, similarly to the 
above, yields n-methyl cyanuric acid, on being heated (B. 30 , 2616). 

Tricarbamtdtc Ester, Nitrogen Tricarboxylic Ester, N(COOC,H5)„ b.p.^j 147®, 
is prepared from sodium urethane or sodium imidodicarboxylic ester and chloro- 
carbonic ester. It is a colourless and odourless oil, scarcely soluble in water. 

For the action of alkali and of PjO*, see next paragraph. 

Cyanimidodicarhoxylic Ester, Nitrogen Tricarboxylic Di-ester Nitrile,N:C-N^ 
(COgOjK,),, results from the interaction ot sodium cyanamide. CNNHNa, and 
chlorocarbonic ester. Alkali decomposes it into a carboxethyl group ; PaOf 
causes the liberation of COg and 2C2H4, leaving carboxethyl isocyanate (J. pr. 
Ch. [2] 16 , 146 ; B. 30 , 686). 

Derivatives of Imidocarbonic Acid. — The pseudo-forms, imido- 
carbonic acid and pseudo-urea, correspond with carbamic acid and urea: 

NH,.COOH NH:C(OH)a CO(NHj), ® NH:C<q2* 

Carbamic Acid. Imidocarbonic Acid. Urea. ^-Urea. 

These modifications are not known in a free state, but many deriva- 
tives mav be referred to them. 

Imidocarbonic Ester, HN : 0(0031-15)2, b.p.35 62°, is produced by 
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reducing clilorimidocarbonic ester (B. 19, 862, 2650) ; from di>imido- 
oxalic ester (p. 486) by the action of alcoholic sodium ethoxide (B. 28, 
R. 760), and from cyanogen chloride (p. 465) by the same reagent. 
At 200° it breaks down into alcohol and cyanuric ether (B. 28, 
2466). 

Chlorimidocarbonic Ethyl Ester, ClN:C(OCj|H5),, m.p. 39^, and the methyl 
ester, m.p. 20^, are produced in the action of esters of hypochlorous acid (p. 141) 
on a concentrated potassium cyanide solution. They are solids, with a peculiar 
penetrating odour, and distil with decomposition. Alkalis have little efEect 
upon them, whilst acids break them up quite easily, forming ammonia, esters of 
carbonic acid and nitrogen chloride. 

Bromimidocarhomc Ethyl Ester, BrN:C(OCsHg)], m.p. 43*, results when 
bromine acts on imidocarbonic ester (B. 28 , 2470). 

Ethyl ImidocUorocarbonic Ester, CjHgNiCC^OCaHg), b.p. 126®, is 
formed by the union of ethyl isocyanide (p. 248) with ethyl hypo- 
chlorite (B. 28, R. 760). 

Derivatives of or Iso-Urea. — Methyl m.p. 45®, 

b.p., 82®, and Ethyl Isourea, 1 IN:C{ 0 C,H,)NH,, _m.p. 42®, b.p ,, <36®, are formed 
as hydrochlorides by the action of alcohols on equimolccular quantities of cyana- 

mide and hydrochloric acid: N;CNH, HN:C{NH,)( 0 CH,)HC 1 . The 

hydrochlorides are decomposed when heated in aqueous solution into chloro- 
mcthane and urea. A similar decomposition occurs with the numerous deriva- 
tives of these substances. These ^-urea ethers can also be considered as being 
alkoxy-formamtdtnes or aminoformimido-ethers, Chlorocarbonic ester pioduces 
O-methyl allophanic ester, CH30C(NH,)NC0aC2H5, m.p. 5®; isocyanic acid, 
O-methyl biuret, CHsOC(NH)NCONH2, m.p. 118®; acctoacetic ester, O-methyl 
methyl uracil (p. 416) ; oxalic ester, o-methyl paral'antc aetd. Hydrochloric 
causes these substances to decompose into cliloromethane and allophanic ester, 
biuret, methyl uracil, and parabanic acid. Acetyl Methyl Isourea, C H jO.C(NH2)- 
NCOCH3, m.p. 58® (C. 1904, II. 29 ; B. 88, 2243). 

CHa — -O'v. CHa — 

Ethylene ^-Urea, I /C:NH, or I ^C.NHg is produced by 

CHa— NH^ CHa— 

the action of bromethylamine hydrobromide on potassium c\.inate. It is an 
oil of basic character, which solidifies with difficulty (B. 31,'2cS32). 

Propylene ^-Urea, CallaiCONaHa, results from bromopropylamine hydro- 
chloride and potassium cyanatc ; as well as from ally I urea, by a molecular 
rearrangement induced by hydrobromic acid (B. 22 , 2991 ; C. 1898, II. 760). 

HYDRAZINE-, AZINE-, AND AZIDO- DERIVATIVES OF CARBONIC ACID 


Hydrazine Carboxylic Acid, NHaNHCOOH or NHaNlICOO is precipitated 
when COa is passed into a cold aqueous solution of hydrazine in the form of a 
white powder. It decomposes at 90® into COa hydrazine salt of hydrazine- 

carboxylic acid, NHaNHCOa.NaHg, m.p. 70® (appr.), b.p.ai 75® (appr.). Sodium 
Benzalhydrazine Carbonate, C,HaCH;NNHCOaNa, is prepared from urea, NaClO, 
and benzaldehyde (comp. p. 439). 

Hydrazine Carboxylic Ethyl Ester, NHaNHCOaCaHg, b.p.j, 92®, is produced 
from nitro-^ethane 437) by reduction with zinc and acetic acid ; also by the 
decomposition of nitrogen tricarboxylic ester with hydrazine. Benzalhydrazine 
Carboxylic Ester, m.p. 135® (A. 288 , 293 ; B. 86, 745 ; 87 , 4523 ; C. 1905, 1. 1222). 

Azidocarbonic Methyl Ester, NjCOaCHa, b.p. 102®, is obtained from chloro- 
carbonic methyl ester and ammonium nitrate ; as well as from hydrazine 
carboxylic acid and nitrous acid (J. pr. Ch. [2] 52 , 461 ; B. 36 , 2057). 

lemlearbasldt, Carbamic Hydrazide, NH|.NH.CO.NH,, m.p. 96®, is formed 
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(x) by heating urea and hydrazine hydrate to loo^ (J. pr. Ch. [a] 62 , 465) ; 
(2) from hydrazine sulphate and potassium cyanide ; (3) from amidoguanidine 
(B. 27, 31, 56) ; (4) from nitrourea (A. 288, 311). Acetaldehyde SemicarboMone, 
NHaCONH.NrCHCH*. m.p. 162®, is prepared from aldehyde ammonia and 
semicarbazide hydrochloride (A. 803, 79). With benzaldehyde it yields BenMol 
Semicarbaeide, NHaCONHN^CHCgHg, m.p. 214". Acetone Semicarbasone, 
NHaCONHN:C(CHa)t, m.p. 187^ passes into bisdimethyl azimethylene (p. 228) 
(B. 29, 6X1). 

Acetoacetic Ester CarboMone, NHtCONHN:C(CHa)CHaCOaCaH,, m.p. 129^ 
(A. 283, 18), readily passes into a lactazam. Semicarl^zide condenses with 
benzil to 1,2-diphenyl oxytriazine (Vol. II.). Semicarbazide is a reagent for 
aldehydes and ketones. 

Alkyl Semicar bazides are obtained (i) by reduction of the nitroso-alkyl-ureas 
(p. 441) ; (2) from alkyl hydrazines by means of isocyanic acid or its esters, 
whereby the secondary NH-group receives the carbamide residue. The alkyl 
semicarbazides only react easily with the aldehydes when the hydrazine NH|- 
grouo is free (C. 1901, 1. 1170 ; B. 37, 2318). 2-Methyl Semicarbazide, NH,N(CHj), 
CONH|, m.p. 113®. 2,4-Methyl Ethyl Semicarbazide, NH,N(CH,)CONHCaH,. is an 
oil. 1, 2-Dimethyl Semicarbazide CH,NHN(CHj)CONH,, m.p. 116® (B. 39, 3263). 

Carbamidohydrazoacetic Ester, m.p. 122^ and Aminohydantofc Ester, m.p. 
yo-74**, are prepared from hydrazmoacetic ester (p. 397) and cyanic acid (B. 81, 
167). €-A minohydantoin, m.p. 244^ forms the partial result of the loss of alcohol 

to aminohydantoic ester : 

NHCHjCOaCjH, NHaNCH.COaC.Hj NHaN.CH4.CO 

I I II 

NHCONH, CONH, CO NH. 

CarbamidohydAroacetic Ester. Ainuiuhydantoic Ester. e-AminohydantoTn. 

Carbohy dr azide, NHaNH.CO NHNHa, m.p. 152-153®, is obtained from the 
carbonic ester and hydrazine hydrate on heating to 100® (J. pr. Ch [2] 52, 469). 
Dihenzal Carbohy dr azide, CO(NHN=CHC4H5)a, m p. 198®. 

Imtdodhcarboxyhc Hydrazide, NK(CONHNHj), m.p, 200® with decomposition, 
is obtained from nitrogen tricarboxylic ester and hydrazine. It is easily decom- 
posed into NaH4 and urazole (see below) (B. 86, 744). 

Hydrazodicarbonic Ester, Hydraxodicarboxylic Ester, C2H6OCONHNHCOO.C2H5, 
m.p. 130^, bp. with decomposition about 250®, and is prepared from hydrazine 
and Cl CO2C2H6 (B. 27, 773 ; J- pr. Ch. [2] 52, 476). 

Hydrazodicarbonamide, Hydrazoformamide, NHaCO.NHNH.CONHa» with 
decomposition 245®. It is obtained from potassium cyanate and salts of 
diamide or hydrazine : NHjNH,. It also results upon heating semicarbazide 
(B. 27, 57), and ixom^Azodicarbonamide (see below) by reduction. It yields the 
latter upon oxidation (A. 271, 127 ; B. 26, 405). NaOCl partially decomposes it 
into hydrazojc acid, carbon dioxide, and ammonia (J. pr. Ch. [2] 76, 433). 

Azodicarboxyitc Acid, Azoformte Acid, C02HN=NC0,H, is prepared from 
azodicarboxylic amide and concentrated potassium hydroxide solution, in the 
form of yellow needles. Its potassium salt dedagiates at 100®. It readily decom- 
poses in aqueous solution into CO,, potassium carbonate, diamide, and nitrogen. 
It is not possible to obtain from it the still VLnVnovfn diumde NH=NH.Z)jr/Ay/ 
Ester, b.p.jj 106®, is prepared from the hydrazo-ester (see above) and nitric acid. 
It is an orange-yellow oil. 

Azodicarboxyitc Amide, Azoformamide, NH,CON=NCONHj. is formed 
(i) by the oxidation of hy dr azodicarboxylic amide with chromic acid, and (2) from 
azodicarboxylic diamidine, NH2C(NH)N:NC(NH)NH2 (p. 458). It is an orange- 
led powder. 

Carhamic Acid Azide, Azidocarbonic Amide, NaCONHa, m p. 97®. is prepared 
from semicarbazide and nitrous acid ; and by the combination of hydra zoic 
and cyanic acids. Silver nitrate decomposes it into silvef cyanate and silver 
azide ; when heated with water it is split up into NgH, NH,. and CO 4. Hydrogen 
sulphide reduces the azide to urea (A. 314, 339). Hydrocyanic acid unites with 
it to form urea azocyanide, carbamidocyanotriazene, NHgCONHNrNCN. 

Carbodiazide, Carbazide, Nitrogen Carbonyl, CO(N3)2. is produced from 
C^bohydrazide and nitrous acid : 

C0(NHNH2.HCl)2+2KN0»»C0(N.)2+2NaCl+4H,0. 
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It forms spear-like, very volatile crystals, of a penetrating and stiipef3ang odour, 
recalling that of phosgene (p. 430) and hydi azoic acid It is explosive. The 
aqueous solution decomposes into CO| and 2N,H (B 27 , 2684 ; J. pr. Ch. [z] 62 , 
482) 

Cyolie Hydrazine Derivatives of Urea.~-Urazole, Hydratodtcarbontmiie, 
NH COv 

I m.p. 244^, forms on heating hydrazodicarbonamide to zoo** 

NH.CO^ 

(A. 288 , 16), or from urta and hydrazine sulphate heated to 120” (B 27 , 409). It 
IS a strong, monobasic acid For its alkylation, see C 1898, 1 38 
NH COv 

Afntnourazole, | yN NH|, m p. 270®, is probably the same as dturea 
NHCO'^ 

or bts-hydraitnocarboxyl, which is obtained from hydrazo dicarbonic ester and 
hydrazine hydrate at 100® (B 48 , 2094) 

Methenyi Carbohydraztde, inp 181®, is produced on 

heating carboliydrazidc vitli orthoformic ester to 100 {) pi th [2] 62,475) 

Hydroxylamine Derivatives of Garbonle Acid. -Hydroxyurethane, HONH- 
OC H 

COjCjHi, or HON *, is a colourless liquid ^ It is produced when an 

hydroxylamine solution acts on chloiocarbonic ester (B 27 , 1254) 

Hydroxyl Urea, Carbamide Oxime, NH^CONH OH, m p izs** is obtained from 
hydroxylamine nitrate and potassium isocyanate, togctlnr with a stcieo-) iso- 
meric body Isohydroxyurea, m p 70-72® with decomposition, and when heated in 
alcoholic solution it changes into tht ordinary hydroxyl-urea Methyl Hydfoxyl 
Urea, CH,NHCO NHOH m p 127° with decomposition and Ethvl Hydroxyl 
Urea, m p 129® with decomposition, are formed from methyl and ethyl isocvanate 
and hydroxylamine (C 1902, 1 31) Dtmethvl-nitroso hydmxy-inea, (t lls)aNCO - 
N(NO)OH (B 30 , 2356) Aldehyde - derivative of carbamide oxime, 
.NCONH, 

RCH^ I (C 1908, I 948) dissolves readily in water and alcohol, but 

with difficulty in ether 


SULPHUR-CONTAINING DERIVATIVES OF CARBAMIC ACID AND OF UREA 


The following compounds conespond with 111 ethane and uiea : 

or NH C<NH. 
Suiphourea or Thiourea 


TLiocarbamic 

Ester. 


Sulphocarbamic 

Eister 


Dithiocarbamie 


Piter 


Many reactions of suiphourea indicate that its constitution i^* 
probably lest expressed by a formula analogous to one of the non- 
existing pseudo forms of urea (p. 446). 

OH 

Alkyl and aryl ethers arc derived from xm%dothiocarboxyhc acid, NH *C<gjj 

sn 

and imtdodxthxocarboxylic acid, NH:C<gj^ 

NH 

Thiolcarbamic Acid, Carbamtnedhioltc Acid, is not known in the 

free state. Its ammonium •'alt, , is prepared by leading COS into 

alcoholic ammonia (A 285 , 173) It is a colourless, crystalline mass, which is 
unstable on exposure to the air When heated to 130® it breaks up into hydrogen 
sulphide and urea 

Alkylammes and COS yield alkyl ammonium salts of alkyl carbamine-thiolic 
acids, such as ethyl carbamine-thiohc acid, C|H| NH.CO SH andi^obutyl carbamine- 
Ihiohc acid, C4H1NH COSH The mercury salts of these two acids decompose 
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when heated into isocyanic esters and dialkyl ureas (comp>p. 462) (A. 869 » 
202). 

Thiol-carhamic Methyl Ester, NH,COSCHa or , m.p. 95®, and 

ethyl ester, m.p. 108®, both result from the action of ammonia (i) on ditkio- 
carbonic ester (p. 431), (2) on chlorocarbonic thiolic ester; (3) by the passage 
of HCl into a solution of potassium or alkyl thiocyanate (B. 14 , 1083) in alcohol, 
when sulphocarbamic ester is also formed (J. pr. Ch. [2] 16 , 358). 

These are crystalline compounds which dissolve with difficulty in water. 
Thiol-carhethylamine Ethyl Ester, CaHjNU.COSCjH,, b.p. 204-208®. It 
results from the union of ethyl isocyanate with ethyl mercaptan. 

Sulphocarbamic Aeld, Acid, Thiocarbamic Acid, NIla.CSOH, is 

known in its alkyl compounds, 

The esters of sulphocarbamic acid— thiour ethanes, the xanthogenanndes — ^are 
formed when alcoholic ammonia acts on the xanthic esters (p. 433) : 

CaH5S.CSOC.H,+NH3=NH,.CSOC,H5+C,H5SH. 

The ethyl ester of sulphocarbamic acid, m.p. ^8®, as well as the methyl ester, 
m.p. 43®, are both slightly soluble in water, l^olh esters decompose into mer- 
captans, cyanic acid and c^anuric acid when heated. Alcoholic alkalis decompose 
them into alcohols and thiocyanates. 

The alkyl thiocarbamic esters are obtained when the mustard oils are heated 
to no® with anhydrous alcohols: 

CSiN.Callj +C2H,.0H --C,H5 NH.CS.OCj|H5. 

'J hey are liquids with an odour like that of leeks, boil without decomposition 
and break up into alcohols, CO*, and alkylamincs, and can easily be trans- 
formed by halogen alkyls into the isomeric thiolcarbamic esters (above) (C. 1899, 
11 . bi8). Ethyl Thiocarbamic Ethyl Ester, CaHj.NHCSOCjHs, m.p. 46°, b.p. 206®. 
Allyl Thiocarbamic Ethyl Ester, CjlIg.NHCSOCaHs, is prepared from allyl mustard 
oil. Acetyl Thiocarbamic Methyl Ester, CH3CO.NHCS(c5CHs), m.p. 80®, is pre- 
pared from thiocarbamic ester and acetic anhydride ; or from lead thiocyanate, 
acetyl chloride, and methyl alcohol. It is converted by iodomcthanc into the 
isomeric Methyl A idyl Thwlcarbamate, CH,CO.NHCOSCHj, m.p. 146® (C. 1900, II. 

85.^)- 

Dithiocarbamic Acid, Nllt.CSSH or NII=.=C(SH)a, is obtained as a red oil 
upon decomposing its ammonium salt with dilute sulphuric acid. It readily 
breaks down into thiocyanie acid, HS.NC, and hydrogen sulphide. Water decom- 
poses it into cyanic acid and 2H2S. Its ammonium salt, NH2.CSSNH4, is formed 
when alcoholic ammonia acts on carbon disulphide. It consists of yellow 
needles or prisms. 

Alkyl Dithiocarbamic Acids, Dithiocarbalkylaminic Acids. The amino-salts 
of these compounds arc formed by heating together carbon disulphide and 
primary or secondary amines in alcoholic solution : 

CS,+2C,H6NH3=:C3H3NII.CSSNH3C3H3. 

When the amine salts of ethyl dithiocarbamic acid are heated to no® dialkylated 
thio ureas are formed (p. 453) : 

C3HjNIlCS.SH.Nll3C,n5=C,H5NHCSNHC3H5-hH,S. 

II the salts formed with primary amines arc heated in aqueous solution with 
metallic salts such as AgNOg, FcClg, or HgCl|, salts of ethyl dithiocarbamic acid 
are precipitated : 

AgNr), 

C,n,l!lHCSS(NH,C,n5) - -- ^C,H,NHCSSAg+HNO,.H,NC,H„ 

which, when boiled with water, yield mustard oil or isothiocyanic ester (p. 469). 

The secondary amine salts of dithiocarbamic acid give no mustard oil (B. 8, 
107). 

Oxidation with iodine changes the mono- and di-alkyl dithiocarbamic acids 
into thiuram disulphides : 


VOL. !• 


aRNHCS.SH 


I, SCSNHR 
SCSNHR. 


2 O 
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These disulphfdes, when possessing hydrogen atoms available for the reaction, 
are decomposed by heat partly into mustard oils, S and H^S, and partly into 
dialkyl thioureas, S, and CS,. Sodium alcoholate converts them into salts of the 
isomeric isothiuram disulphide. 'J'he latter arc converted directly into mustard 
oil and sulphur by repeated treatment with iodine (B. 35 , 817). 


SCS(NHR) 

lcS(NHK) 


SC(NR).SMe 

ic(NR).SMe 


SCNR 

- I 4- Sa -1-2-^101 

SCNR 


If alkyl or acyl halides are employed instead of iodine, the decomposition results 
in mustard oil di.ilkyl disulphides, or diacyl disulphides (pp. 144, 274) (B. 86, 
2259). Tetra-alkyl thiuram disulphides and potassium cyanide yield the yellow 
coloured thiuram monosiil phide and potassium thiocyanate. These are also 
obtained from dithiocarbamic salts with dithiocarbamic acid chlorides (see 
below (B. 36 , 2275) : 


SCSN(CH3)a KNC 

lcSN(CH,), ^ 


KSNC+S< 


/:SN(CH,), C1CSN(CH,). ,CSN(CH,), 


:SN{CH,), 




Dithiourethanes, Dithiocarbamic E&ierst are obtained by several methods 
(B. 35 , n^>8 ; C. 1903, 1 . 139). They arc readily prepared (i) from ammonium 
dithiocarbamatc (below) and iodoalkyls : 

CH,I CH,1 

NHjCSS.NlI* ^NHjCSSCHa; (CHa)aNCS,NH,(CH3)2 ^ (CH,),NCS3CH.. 

It must be noticed, however, that alkylcne dilialidc.s. a-halogcn ketones, and 
a-halogcn fatty esters convert the dithiocarbamates easily into cyclic thiazole 
derivatives : 


nr— €H, 

sc/ I 

('IT. 


.NH.CCH, 
:< II 
— CH 


I 

s— cn. 


(2) from chloiodithiocarbonic esters (p. 434) and amines: 

rjHgSCSCl+NHfCall^la ^ ( jlT.SCSNCCaH,), 

(3) from thiocyanic esters and HgS: 

CjHjSCiN + HaS ^ CjH.SCSNH*. 

The dithiocarbodialkylamine acid esters are stable, whilst the simpler 
derivatives easily decompose into mercaptans and mustard oils or thiocyanic 
acid. 

Dithiocarbamic Methyl Ester, NII2CS3CH8, m.p. 41®; ethvl ester, m.p. 42®; 
isopropyl e'^ter, m.p. 97® ; allyl ester, m.p. 32® ; Methyl Dithiocarbamic Methyl 
Ester, CHgT^HCSgCHs, b.p.j© 15b®. Dimethyl Dithiocarbamic Methyl Ester, 
(CHslaNCSjCWa, m.p. 47®. Excess of iodo-alkyl converts the dithio- and alkyl 
dithio-carbami<J:\Cst(’rs into the hydroiodides of imidodithiocarbanic esters, HN.C- 
(SCH,).RN:C(SCyi5)2. which, on hydrolysis, yield dithiocarhonic esters (p. 432). 
Acetyl Dithiourethit<ne, CIIjC ONIlCSjR, is produced from acyl.ition of dithio- 
urethane, and from^'^ustard oil by means of thioacetic acid (p. 273). They 
are converted by s<^um alcoholate and iodo-alkyls into Acetyl Imidodithio^ 
carbonic Ester, CH3CON^(^R)i (C. H. 7^4 '• I 903 » 44 ^). 

Dialkyl ThiocarbamicT^cid Chloride, NR,CSC 1 , is formed from thiophosgene 
and amines (B. 36 , 2274). \ 

\ /NH.CHCH, 

Cyclic Derivatives of Dlthiocarlbftnilc Acid. — Carbothialdine, SC^ | , 

\ NH:CHCM3 

is obtained by heating ammonia^ dithiocarbamatc with aldehyde ; and by 
mixing CS, with alcoholic aldchy^\ammonia. It forms large shining crystals. 
Isomeric with this is Dimethyl FormtP^^'^^^l^^oldine, CSa(NCH3)3(CH,)„ which 
is prepared from CS, and formaldehyti^’^cthylimide. lodomethane breaks it 
down into Methylimidodithiocarbonic Dit^^V^ CH3N:C(SCH3)3 (see above) 
(C. 1896, H. 478). 
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^NH--CO 

Bhodanic add, SC^ I . m.p. i69* with decomposition, is prepared from 
ammonium dithiocarbamate with salts or esters of chlor- or thio-acetic acid: 


NH,C15.SNH4 ■ 


NH.CS.S.CHaCOOH 


■iIth 


CS.S.CH 


,<io; 


the homologous a-halogen fatty acids behave similarly. Mustard oils (p. 4^) 
and thioacetic acid form ti-alkyl rhodanic acids. Rhodanic acid condenses with 
aromatic aldehydes, eliminating water and forming dyes : ArCHiCCaS^NOH) 
(C. 1903, I. 446 ; II. 836 ; 1906, I. 1436 ; B. 89 , 3068). 


Thiourea, Snlphourea, Sulphocarbamide, cs<n2:' nh-c<sh ’• 
m.p. 172®, is obtained (as first observed by Reynolds in 1869 — A. 150, 
224) by healing ammonium thiocyanate to 170-180® (A. 179, 113), 
when a transposition analogous to that occurring in the formation of 
urea takes place (p. 438). This synthesis, however, does not proceed 
with ease, and is never complete, because at 160-170® sulphourea 
is again changed to amhaonium thiocyanate : 

180* 

CSN NH4 CSCNHa),. 


Sulphourea is also produced by the action of hydrogen sulphide (in 
presence of a little ammonia) or ammonium thiocyanate on cyan- 
amide (B. 8, 26) : 

CNNH24-SH4=CS(NIl,)i. 

Sulphocarbamide crystallizes in thick, rhombic prisms, which dis- 
solve easily 111 water and alcohol, but with difficulty in ether ; they 
possess a bitter taste and have a neutral leaction. 

Reactions : (i) When sulphocarbamide is heated with water to 

140° it again becomes ammonium thiocyanate. (2) If boiled with 
alkalis, hydrochloric acid or sulphuric acid, it decomposes according 
to the equation : 

CSNai4 + iH.O-=sCO,+2NH, + H3S. 

(3) Silver, mercury, 01 lead oxide and water will convert it, at ordinary 
temperatures, into cyanamide, CN2H2 ; and on boiling into dicyandi- 
amide (p. 457). (4) KMn04 changes it, in cold aqueous solution, into 

urea. (5) In nitric acid solution, or by means of H2O2 in oxalic acid 
solution, salts of a disulphide, NH2.C=(NH)S — S(NH)=C.NH2, not 
known in a free state, are pioduced (B. 24, R. 71). (See B. 25, R. 676, 
upon the condensation of thiourea with aldehyde-ammonias.) Sul- 
phourea condenses with a-chloraldehydes and a-chloroketones to 
amidothiazoles (Vol. II.). It 5delds aromatic glyoxatine (Vol. II.) 
derivatives when heated with benzoin. 


Constitution . — The behaviour of thiourea when oxidized in acid solution, and 
certain other reactions, rather support the formula instead of the 

diamide formula (comp. J. pr. Ch. [2] 47 , 135). Possibly free thiourea possesses 
the symmetrical formula, whilst its salts are derived from the pseudo-form 

NH:C<gH * (p. 448). 

Thiourea combines with i equivalent of acid to form salts. The nitreUe, 
CSNaH4.HN03, occurs in large crystals ; hydrochloride, see C. 1902, 1 . 113. Auric 
chloride and platinic chloride throw down red-coloured double chlorides from the 
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concentrated solution. Silver nitrate precipitates CSNjH^.AgNO, (B. 24, 3956 ; 
B. 25, R. 583) For the constitution of these metallic salts see B. 17, 297. For 
the compounds of cuprous cliloriJr with i, 2, or 3 molecules of thiourea, to form 
" co-ordinated complex salts,'* see A. 349, 232. 

Alkyl Sulphocarbamides, m which the alkyl groups are linked to nitrogen, are 
produced — 

(i) On heating the mustard oils with primary and secondary amine bases 
{A. W, Hofmann, B. 1, 27) : 

NH3 4-CS:N.C,H5-:NH,.CS NHCJI,. 

Ethyl Sulptaocarbatnide. 

NH, (Vlfi j-CSiN.CaHg-^NHCaHsrSNm jI,. 

sym. Diethyl Sulphocarbamide. 

NH(r,ll5)3-fCS:N.C,H5-N(C2EI«)3CSMlC2H5. 

Triethyl Sulphocarbamidr*. 


(2) By hojling the aiuinf" salts ol the alkyl dithiocaibamic acids (B. 1, 25) 
(P- 450) • ^ ^H,NHCS.SNn,C,H,^C,H5NHCSNHC,lI, |-H,S. 


(3) By heating the corresponding aminothiocyanates (B. 24, 2724 ; 26, 
2497). 

Ethyl Sulphocarhamtde, NHjCSNU.CgllB, m.p. 113®, dissolves readily in 
water and alcohol 

sym -Diethyl Sulphocarbanitde, m.p. 77®. 7 riethyl Thiourea, 

m p. 26", b i>. 205". Monomdhyl Thiourea, m.p. 119 . .sym -Dimethyl Thiourea, 
m.p. 61® (B*24, 2724) ; 28, R. 424). Dimethyl Thiourea, Nll2CSN(CH,),, 

m.p ISO® (B. 26, 250-5). Propyl Thiourea, see B. 23, 286 ; 26, K. 87. 

Allyl Sulphocarhamtde, Thtostnaminr, NH3CSNH.C3H5, m.p. 74®, is formed 
bv Iho union of allyl mustard oil with ammonia (p. 469). 

It IS readily soluble in water, alcohol, and ether. Alh I c yanamide sinamine and 
tiiallyl melamine are produced on boiling with mercuric oxide or lead hydroxide 
(p. 472) Ilydiogen bromide changes it to propylene 0-thiourca (comp. 20, R. 
684). 

Dtallyl Sulphocarhamide, m.p. 49*, is prepared from allyl mustard oil and 
allylamine (C. 189S, 11 76S). 

Reactions of the Alkyl Sulphoureas. 

(i) The sulphocarbamides legcnerate amines and mustard oils by distillation 
with PjOg, or when heated in IlCl-gas : 


CoHBNHCSNnCjllB-C.HgNiCrS+NHaCJIg. 

(2) The sulpliui 111 the alkyl sulphocaibamidcs will be leplaccd by oxygen if 
thes'*** compounds are boiled with water and mercuric oxidt or lead oxide. 
(a) Those that contain two alkyl groups yield the corresponding ureas ; 

(C3HbMI),CS l-HgO -(CaHBNH)2CO 1 ligS ; 


whereas (/>) "^he mono-derivatives pass into alkylic cyanamides (and melamines) 
after parting ivith hydrogen sulphide (pp. 472, 473). 

^ CjIIbNUcsnh j -c jUbNHC ] n -i-h ^s. 

(3) On digesting the dialkyl sulphocarbamides with mercuric oxide and amines, 
sulphur is exchangt^\for the imid-group and guanidine deiivatives appear (p. 455) : 

(C.H,NII),CS f HgO-=(C,H.NH).C:NC,H.+HsS+H,0. 

Consult B 23 271 constitution of the dialkyl sul]>liocarbamides. 

. /NHCH, 

Ethylene Sulphotarbamidli- I or HS.O^ | , m.p. 195°. w 

\ ^NHCH, ^N— CH, 

obtained from ethylene diamm^iod carbon disulphide (B 5, 

^ V ,NHC'(Cn.). 

Pxnacolyl Sulphocarbamide. Ca 1 ^f^i<^tonine. SC^ | , m.p. 240- 

a)* 

343®, is formed by the action of amn^G*^^^ carbon disulphide and acetone 

(B. 20, R 669). \ 
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Derivatives of Pseudosulphoearbamlde. — In the preceding derivatives— 
whether they are derived from the sym.- or unsym.- sulphocarbamide formula or 
not — the alkyl groups were in all cases joined to nitrogen, whereas the compounds 
about to be described must be considered as derivatives of pseudosulphocarbamide. 
The alkyl pseudosuiphocaYbamides result upon the addition of alkyl iodides to 
the thioureas. The alkyl groups contained in them are known to be united with 
sulphur because, when they are acted on with ammonia, they are changed to 
guanidines and mercaptans. They also easily condense, like the ^*urea ethers 
(p. 446) with ) 5 -aldo- and | 3 -keto-carboxylic esters into the cyclic derivatives and 
mercaptopyrimidines, which are hydrolyzed into mercaptans and pyrimidines 
(B. 11 , 492 ; 23 , 2195 ; C. 1903, T. 1308 ; 1905, 1 . 1710) : 


ch.sc<nh.hi+c,^“S^«>ch 


^-Methyl Thiourea 
Iodide. 


Sodium Formyl 
Acetic Eater. 


Alkylene Derivatives of Pseudosulphourea. 

yS C H 2 


Methyl Mc^rcapto- 
oxypyninidine. 


/S— CHa 

Ethylene PseudMtourea, NH:C^ | , or NHoC^^ I , ra.p. 85®, is 

^Nll.CH, “ ^N— CH, 

obtained from bromethylamine hydrobromidc and potas*r.iuin thiocyanate. It 
is a base with strong basic properties, and its salts crystallize well (B. 22 , 1141, 
2984 ; 24 , 2O0). 

/S— CH.CH3 

Propylene Pseudothiourea, NH,C^ I , formed from bromo- 

^N— CH, 

propylamine and potassium thiocyanate, is perfectly similar. It also results 
from allyl-tliiouroa by action of hydrobromic acid (p. .^52) : 


-llBr Cll/'H s. 


I 

CH.— N- 


\ 


CI 1 ,=CH +HBr CHj.CHBr 

“ I ^ I 

CH-jNlI.CSNH 3 CHaNH.CSNH * 

Acetyl Pseudothiouvea, , m.p. 165®, is obtained from thiourea 

by heating it with acetic anhydride ; also from cyaiiamide (carbodiimide, p. 471) 
and thioacettc at td. This second method argues tor the compound being a deriva- 
tive of pseuilusidphocarbamide. 

Carboxalkyl Sulphocarbamide, Thio- or p-Thio-allophanic Ester, ROOC.- 
NHCSNHj or KOOC.SC(NlI)NH2, is produced by the addition of ammonia or 
amines to the carboxalkyl thiocarbimides (p. 471) (C. 1901, H- 211), and by the 
interaction of rhlorocarbonic esters on fliiourca (('. igo^, I. 1123). Dithiobiuret, 
RjNCS.NR.t'SNJ^,, and kP-Vithiobrnret. R2NC(NR)S.CSNR2 (B. 37 , 4317). 

Pseudothio- or -sulpho-hydantoin, C3H4N2S (below), is obtained when 
chloracctic acid (A. 166 , 383; B. 31 , 137) acts on sulphocarbamide, and was 

yNH.CO 

formerly thought to be the real thiohydaritoin, CS\ | . However, its 

formation from cyanamide and thioglycollic acid (p. 376) and its decomposition, 
when boiled with barium hydroxide solution, into thioglycollic #lcid and dicyandi- 
amide prove that it is a pseudosulphocarbamide derivati/e, which contains 
the ring occurring in thiazole compounds (B. 12 , 1^85. 15S8). Similar 
thiazole derivatives result when monochloracctic ac^d is/replaccd by o-bromo- 
propionic acid, bromomalcic acid, and other halogcn-car^xylic acids ; also when 
unsaturated acids are employed, such as citraconic ufAd, to react with thiourea 
(C. 1897, 1 . 853). Pseudosulphohydantoin cryst^izes in long needles, which 
decompose at about 200®. 'When boiled with a^ds, it loses ammonia and is 
changed into mustard oil acetic acid (p. 469). yt is closely related to rhodanic 
acid (p. 451) : 


yNHCO 

I 

^S— <'H, 
Mustard OU 
Aottte Add. 


/NHCO/ 
Rhodft^ Acid. 


yNHCO 

Thiohydantoln. 
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Alkyl Hydroxythloureas are formed by the action of an ethereal solution of 
anhydrous hydroxylamine and -alkyl hydroxylamines on mustard oil in ether. 
The monoalkyl hydroxy thioureas readily decompose into sulphur and alkyl 
•ureas (comp, on the contrary phenyl hydroxy thiourea (Vol. IJ.)); the dialkyl 
hydroxythioureas are stable. Ethyl Hydroxythiourea, CaHjNll.t^SNOH, m.p. 
109® ; sym,^Diethyl Hydroxyihiourea, Cj|H5NH.CS.NCjHj)c5h, m.p. 81® (A. 

298 , 1 17). 

Hydrazine Derivatives of Thiocarbonio Acid. 

Dithiocarbazine Acid Hydrazine Salt, NH8NH.CS.SNIT8.NH2, m.p. 124®, is 
formed by the interaction of hydrazine hydrate and CSj (B. 29 , R. 233). 
a-Carbamyl fi-Thiocarhamyl Hydrazine, HjN.CSNH.Nl'IC'ONHj, m.p. 218—220® 
with dccompo.sition, is formed from thiosemicarbazidc hydrochloride and 
potassium cyanato (B. 29 , 2508). Boiling concentrated hydrochloric acid converts 

it into thiourazole. ^ 77 *' afi-Dithiocarbantyl Hydrazine, 

NHjCSNH.NHC'SNHj, m.p. 214®, results when a solution of hydrazine .sulphate 
and ammonia thiocyanate is boiled (B. 26 , 2S77). 

z s 3 4 

Thiosemlcarbazide, NHj.NHCSNH,, m.p. 181® is formed together with 
oA-dithiocarbamyl hydrazine (see above), when hydrazine sulphate and ammonium 
thiocyanate are boiled together in solution. Like somicarbazidc (p. 466) it 
readily reacts with aldehydes and ketones to form thiosenncarbazones, RCH:- 
NNHCSNHs, R2C:NI1NCSNH2. They are particularly suitable for isolating 
aldehydes and ketones on account of the insoluble precixntatc s given with silver 
mercury, and copper salts (B. 35 , 2040). /{-Methyl Thiotrnnrarhazide, CH^NH.- 
CSNHNH,, m.p. 137®; ‘2,^-DimcthylThiosemicarbazide,Ql\:i^ll.il'Si^{ai^)^H2, 
m.p. 138®, and “2, ^-Methyl Allyl Thtosemicarbazide, m.p. 57®, are prepared from 
hydrazine and methyl hydrazine with methyl and allyl mustard oil respectively. 
TTiey combine readily with aldehydes (B. 37 , 2^20). afi-Dithiocarbamyl 

Diallylamine, CaHgNH.rSNTI.NH.CSNHCaHB ( 13 . 29 , 859). Eormyl Methyl 
Thiosemirnrhazide. m.p. 1O7®, yields, v^ith acetyl chloride methyl unidothi/ohiazoline, 
m.p. 245° (B. 27 , 022) : 

Nil— NH NH N 

I I ^ I II 

CHaNHC'S CHO CHaN:C— S— CH. 

NH— CSv 

Dithiour azole, | /NH, m.p. about 245® with decomnosition, is formed 

XH— 

on heating aj 3 -dithiocai bamyl hydrazine with hydrochloric acid. The hyd rochloride 
NH.CS V 

of iinidothiourazolc, | yNH, is produced at the same time (B. 28 , 949 )* 

Nn.C(NH)/ 

Appendix, Potassi urn Diazomethane Disnlphonate, N af^(S03K)2, orange-yellow 
needles. Is prepared from Potassium Aminomethane Disulphonate, NH8CH(S03K)2, 
the add iti» m \ product of potassium cyanide and two uiol< cules of potassium 
bisulphite, by^mcans of nitrous acid. With iodine it yields potassium di-iodo- 
methane disiilplhnate, IaC(S(l3K)2 ; and is converted by lioat into Potassium 
Azinometkane Di\dphonate, (S 08 K) 2 C:N.N:C(S 03 K) 8 , in the form of colourless 
crystals. The ai flson of diazobenzene (Vol. II.) on the potassium bisulphite 
compound with potassium diazomethane disulphonate produces Potassium 
Methane Disulphonate ^Phcnylhy dr atone, C8H8.NHN:C(S03K)8 and ulitmately 

Formatyl Sulphonic (B. 29 , 2161). 

GUANIDINE .AND ITS DERIVATIVES 

Guanidine is, upon the on^hand, very closely related to ortho- 
carbonic ester, urea and sulphoO^bamide, and, upon the other, to 
cyanamide (p. 426), and all are int«^co^«ected by a series of reactions. 



6 UAN 1 DINE AND ITS DERIVATIVES 


Guanidine belong to the amidines, and may be regarded as the amidine 
of amidocarbamic acid ; 


NH- 


NHa 


NH, 


nh.c<nh. 


Guanidine. 


NHa 

Utea. Sulphocarbamide. 

The pseudo-forms of urea and thiourea — 

ho.c<^h* 

(Pseudourea). (Pseudosulphourca). 




known in the form of various derivatives, are the amidines of carbonic 
and thiocarbonic acids. 

Guanidine, HN:C(NH2)2» was first obtained {A. Strecker, i86i) 
by the oxidation of guanine (a substance closely related to uric acid, 
and found in guano) with hydrochloric acid and potassium chlorate. 
It is found in vetch seeds and in beet-juice (B. 29 , 2651). It is a][so 
important as the substance from which creatine is derived. It is 
formed synthetically. (i) by heating cyanogen iodide and NH 3 , and 
from cyanamide (p. 471) and ammonium chloride in alcoholic solution 
at 100® : 

NH2.CL-X +NH3 HCl = (H2N)aC:NlI.Hri. 

This is analogous to the formation of formamidine from hydro- 
cyanic acid. (2) It is also produced by heating cliloropicrin or (3) esters 
of oithocarbonic arid, with aqueous ammonia : 

t:Cl3(NO,)-f-^Nri3==(H2N)2C:NII -hsUCl -HHNO, 
C(0CaH5)2+'3NH3 = (H*N) 2 C:NH-h 4 C,H 30 H. 

(4) It is mo t readily prepared from the thiocyanate, which is made by pro- 
Ion c^ed hcatiitL' of ammonium thiocyanate to 180-190^, and the further transposi- 
tion of the thioiiiea that first fuims (B. 7 , 92) : 


2NH4SNC -= 2(riaN)aCS = (H,N)aC:NH.CNSm-H,S. 


The crystals of guanidine are very soluble in water and alcohol, 
and deliquesce on exposure. Barium hydroxide solution changes it to 
urea. Guanidine -salts of the fatty acids are converted by heat iivto 
guanamines, which will be described with the cyanuric compoiinds 
(P- 474)- y"' 

Saifs , — It is a strong base, absorbing CO, from the air and yielding trystalline 
salts with I equivalent of the acids. The mtrate, CNjHj.HNOa, coo^sts of large 
scales, which are sparingly soluble in water ; hydrochlottde, CNst^g.HCls, yields 
a ])latinum double salt, crystallizing in yellow needles ; carb^ate, (CNjHs)*.- 
HjCOs, consists of quaclralic prisms, and reacts alkaline (see^. 1907, I. 153) ; 
thiocyanate, CNgHg.HSCN, crystallizes in large leaflets, J&.p. ir8°. Silver 
guanidine, CNjAgaHa + HjO (A. 302 , 33). 4 

The alkyl guanidines result (i) on heating cyanamidc/^ith the HCl-salts of 
the primary amines — e.g. CHsNHa.HCl, forming Metf^yi Guanidine; (2) by 
boiling sym.-dialkyl thioureas (p. 452) with mercuric/oxide and ethylamme in 
alcoholic solution (B. 2 , 601), producing Triethyl 

Vice versa, the alkylated guanidines, when hea^d ^ith CS,, have their imide- 
group replaced by sulphur, with formation of thi^^reas (p. ^51). 

Acyl Guanidines arc formed when guanidi-'^g hydrochloride is heated with 
acid chlorides under pressure (C. 1903, H- 988^^ 


OuaneYdes of tho HydroxyacidB.-/hie guanidine derivatives corre- 
sponding with the ureides of ^^lycoUic acid, hydantoic acid, and 
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hydantoln arc known. Creatine and creatinine, important from a 
physiological standpoint, belong to this class. 


Glycocy amine, Guanidine Acetic is obtained by the 

direct union of glycocoll with cyanamide ; or by heating guanidine carbonate 
with glycocoll (C. 1905, I. 156) : 

NHj(NH)CNHj+NH*CHaCOOH=NHj(NH)CNHCH,COOH+NH 3 . 

It dissolves with difficulty in cold water and rather readily in hot water, 
whilst it is insoluble in alcohol and ether. It forms salts with acids and bases. 
When heated it becomes carbonized without melting. 

vNHCO 

Glycocyamidine, Glycolyl Guanidine, NH«=C^ | , bears the same relation 

^NHCH, 

to glycocyamine as hydantoln to hydantolc acid : 


CO 


-NH, /NHCO 

co^ I 

Hydantolc Acid. Hydantoln. 


< 


/NH. 

NH=C< 

^NHCIIjCOgH 

Glycocyamine. 


.NHCO 
NH=C<; I 

Glycocyamidine. 

It is produced when glycocyamine hydrochloride is heated to r6o®. 


Creatine, Methyl Glycocyamine, Methyl Guanidine Acetic Acid, 
('O2TI' discovered in 1834 Chevreul 

in meat extract {Kpw, flesh). Liebig (1847) ^ thorough in- 

vestigation in his classic research entitled ‘‘ Ueber die Bestandtheile 
der Fliissigkeiten des Flcischcs ” (A. 62 , 257). It is found especially 
in the fluids of muscles. It may be artificially pi epartd {J. VoJhard, 
1869), like glycocyamine, by the union of sarcostne (methyl glycocoll) 
with cyanamide : 

CN.NHa+NH(CH,).CH*C03H=H,N(NH)C.N(CH,).CH3C00H. 

Creatine crystallizes with one molecule ol water in glistening 
prisms. Heated to 100®, they lose of water. It reacts neutral, and has 
a faintly bitter taste. It dissolves rather readily in boiling water, but 
'^th difficulty in alcohol ; and yields crystalline salts with one equi- 
’'^^ nt of acid. 


^^.When digested writh acids, creatine loses water and becomes changed into 
creatmi bflow), and (2) with barium hydroxide solution it is converted 


pj 4-H,o=co<JjJ{|+Nn(nT,)rn,co,H. 


into urea ^ sarLOSine 

TSHiCnH* 

> ^Vhen ^lU rated at the same time, and jS-methyl hydantoin is formed. 
^ IV and and solution is heated with mercuric oxide, creatine yields 

mn guanidine. (4) With acetic anhydiide it yields Dtaceiyl 

Creatine, ux.y j 


Creatinine, Methy» 


’cocyamidine, NH 


/NH- 

•< 


— CO 

I , occurs con- 
stantly ii^ urine (about \ * \ j • V+ • a t 

Sine by evaporating per cent.), and is readily obtained from 

nrcsent It crystallizequeous solution, especially when acids 
“f than creatine, in watt rhombic prisms, and is much more 
bom. a.noi alcohol. It is a stroag base which 
1 salts and yields well-crystallized 



GUANIDINE AND ITS DERIVATIVES 


457 

salts with acids. Its compound with zinc chloride (C4H7N80)2.ZnCl2, 
is. particularly characteristic. Zinc chloride precipitates it from 
creatinine solutions as a crystalline powder, dissolving with difficulty 
in water. 

(i) Bases cause creatinine to absorb water and become creatine again. 

(2) Boiled with barium hydroxide solution it decomposes into ) 3 -methyl hydantoXn 
and ammonia ; 


>NH CO .NH- 

NllrCC I fII, 0 =C 0 <; 

\N (CH,)— CI I , \N(CH,)—C I i , 


(3) When boiled with mercuric oxide it breaks up like creatine into methyl 
guanidine and oxalic acid. 

When creatinine is heated with alcoholic ethyl iodide, the ammonium iodide 
of ethyl creatinine, C4H7(CjH5)N,0.1, is produced. Silver oxide converts this 
into the ammonium base, £46,(0 2lTg),N50.0H. 

a-Guanidine Propionic Acid, (N4Hj)r.NH.CH(CHa)COOlT, m.p. 180®. fi-Guanu 
dine Propionic Acid, m.p. £06-213®, with decomposition, when heate d with hyd ro- 

chloric acid yields the hydrochloride of ^-alacreatinine, HN;CNHCH,CH,CONH 
(C. 1905, I. 156). 

Guaneides of Carbonic Acid. — Guanoline, guanyl urea, biguanide, and pro* 
bably dicyandiamidc, corresponding with allophanic ester, biuret, and cyanurea, 
(p. 455), arc derivatives of the guancidc of carbonic acid. This is not known, and 
probably cannot exist : 


it 2 

Allnphanic Ester. 

Guanoline. 


CO- 

'-XHCONU, 

Biuret. 


Co/NH, 

Cyanurea. 


NlhC 


''N1K'(NU)NH, 

Biguanide. 


^^•^'"^xiiroNn, 

Guanyl Urea. 
Dicyandiamide (?). 


NH. ^ 

Gnanollnc, Guanidpearbomo Ester, m.p., delu^ 

drated, 114°. It is obtained from Guanidodicarbonic Diethyl Ester, NW?C- 
(NH.COaCjHg)*, the reaction-product arising from chlorocarbonic est|^ and 
guanidine, through the action of ammonia (B. 7 , 1588). 

Dicyandlamldlne, Guanyl Urea, is formed by the 

action of dilute acids on dicyandiamide or cyanamidc, or (2)/t)y fusing a 
guanidine salt with urea (B. 7 , 446), (3) from urea by heating itAvith benzene 
sulphochloride, whereby it is obtained as a benzene sulphonato 1901, I. 885). 
It is a strongly basic, crystalline substance. It forms a coppei^Srrivative having 
a characteristic red colour, and a yellow nickel compound, M^(N4H40C2)2+H,0 
(B. 39 , 3356). When digested with barium hydroxide sQ^tion it decomposes 
into CO2, 2NH3, and urea (B. 20 , 68). 

. NIT jf 

Biguanide, Guanyl Guanidine, formed (i) on 

heating guanidine hydrochloride to 180-185® ; when cyanoguanidine is 

heated with ammonium chloride. It is a strongly ba^e, forming a copper 
derivative with characteristic red colour. ChJ^j-Qform and alkali hydroxide 
convert it into formoguanamine (p. 474)- 

Dicyandiamide, Param, Cyanoguanidtnej^’^Yi.Q^^^^^^, m.p. 205®, results 

from the polymerization of cyanamidc nn^^n standing or by evaporation of 
its aqueous solution, and can easilj^'p^g prepared from technical calcium 
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or sodium cyanamide (p. 471) (C. 1905, II. 1530, etc). Contrary to the 
^o substances described above, it is a neutral body. Ammonia converts 
it into biguanide ; dilute acids into guanyl urea. With piperidine it forms a 
biguanide derivative (B. 24, 899 ; 25, 525). with hydrazine hydrochloride when 

/NH.NH 

heated in alcoholic solution it gives guanazole, NH:C^ | , m.p. 206® 

^NHCiNH 

(B. 27, R. 583) ; both reactions form a basis for the ascribed formula. ' 

Thioeyanodiamldine, Guanyl Thiourea, NIIgCSNIICfNHjNHj, is ol)tained from 
thiourea and PCI5 or thiophosgene. It is isomeriz-'d at 100® to guanidine thio- 
cyanate. Silver salts piociuce dicyanodiamide with loss of lUS (comp. B. 86, 
3322). 


Nitro-, amino-, and Hydroxy-guanidines and their transposition products. 

Of these subst,inccs, nitroguanidine is the most suitable material for the 
preparation of a series of remarkable guanidine and urea derivatives (Thiele, 
A. 270, 1 ; 273, ; B. 26, 2398, 2O45). 

Nitroguanidine, m.p. 230®, results on treating guanidine 

with a mixture of nitric and sulphuric acids. It dis.,olves with difficulty in cold 
water, more readily in hot water, and particularly freely in alkalis, because of 
its fei‘ble acid character. 

(?), is produced by reducing nitroguanidine 

with zinc dust and sulphuric acid. It consists of yellow needles, which explode 
at 160-165°. 

Aminoguanldlne, results when nitro- and nitrosoguanidinc 

aie reduced with zinc dust and acetic acid, or by electrolysis in neutral solution 
with a zinc CcXthode fC. 1906, I. 106G), and can be precipitated as a .slightly soluble 
bicarbonate (A. 302, 3^3). Aniinoguanidine decomposes readily when in a pure 
condition, and when boiled with acids it breaks down, with the t<‘mporary pro- 
duction of SI micarbazide (p. 446), into carbonic acid, ammonia, and hydrazine, 
which can therefore be conveniently prepared in this manner ; 


nh:c<n™h. co<nhnh. a., f «• 


Aminoguanidine forms well-crystallized compounds with dextrose, galactose, 
ai'id lactose and many other aldehydes and ketones (B-. 28, 2613). Glyoxal 
ani'^ a-diketoncs with aminoguanidine lose water and form bts~amxnoguanidine 
(A. 275). 

' ^ .NH— N 

formed from formyl amino- 
guanidine Guanazole (above). 

Azodicarbofh^^^^^^^^^^ ' — N=N — is obtained as nitrate when 

aminoguanidine oxidized with KMnO*. The azoudralo forms a yellow, 

sparingly solubleXf^y®^*^^^^^^ powder, which explodes at 180-184®. It passes 
into aiodicarbonai^‘'^f 447) when boiled with water. 

^ydrazodicarbonamk^^'^^* *^®sults as nitrate 

when azodicarbonamidi^ “ reduced wi^ H,S. 

^ ^ Nv 


Azidocarbamidirm, Carb^*^^ Imidazide, J|^N- 


r corresponds with 
^NH,; 

carbamic acid azide stable in solution, since it very 

readily isomerizes into' bel^w) : (CN,H,)HNO,, 

m.p. I2Q® is obtain^./! potassium nitrite in nitric acid 

solution, in hydroxide 

solution converts it partially tatoeySv hydrazoic acid. These subsUncM 
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unite in aqueous solution probably to reform azidocarbamidine, which issixnnl- 
taneously isomerized to aminotetrazole (A. 814» 339 ) : 


NSCNHa-l-HNC |1 — 
Cyauamide Ilydrazoic Acid. 


H,N. /N 

nvi^ nm- 


''NH— N 
Aminotetrazole. 


Diazoguanidine Cy amide, Triazene Dicavhoxylic Amide, Amino-imino-methyl 
Cyanoiriazene, — NH -N— N.CN, is produced from azidocarbamidine 

nitrate and potassium cyanide. The amide, obtained from the nitrile, takes up 
bisulphite and forms a triazan- or prozan- derivative — Sodium Triazandicatboxylic 

Amidine Amtdo^idphonaie, (A. 805 , 64, 80). 


Azotetr azole, |) /C — ^N=N — c€ |i, results when amidotetrazole 

•\r_ mm/ — M 


N- NH^ ^NH— N 

is oxidized by potassium permanganate (A. 303 , 57). 

Isocyaiwtetrabromtde or Tetrabromoformalazine, BrgC— N — = 


m.p. 42” 


is produced when hydrazotetrazole, the reduction-product of azotctrazole, is 
treated with bromine (B. 26 , 2645). With alkalis isocyanotetrabromide 
apparently yields isocyanoxide, CO=N — ^N=CO (?), or a polymer of it. Should 
an oxidizcible body like alcohol be present, isocyanogen, C=N — N=C(?), is pro- 
duced. This substance has an odour very much like that of isonitrile. Sodium 
ethoxide converts isocyanotctrabiomide into Azimethyl Carbonate, (CHsO)sC 
=N— N=C(OCHa)a (A. 303, 71). 

Diaminnguamdine, HN:C(NHNHs)t, obtained as a hydrochloride or hydro- 
bromide by the action of cyanogen chloride or bromide on hydrazine. Dibenzal- 
dtaminoguamdtne, HN:C(NHN:CHCeH5)a, m.p. 180®, exists as yellow needles. 
Hydrazine and two molecules of cyanogen bromide form guanazine, 
NH— C(NH)-v 

HN:C(NHNll)jC:NII, or I >NNHa (B, 37 , 4524 ; C. 1905. II. 122). 

NH— C(NJir 

Triaminoguanidtne, HaN.N:C(NIINH2)s ; its hydrochloride is obtained by 
heating hydrazine hydrate with carbon .tetrachloride in a stream of ammonia./ 
Tnbenzal Triannnogiianidine, C,ll5CH:NN:C(NHN:CHC2H5)2, m.p. 
hydrolyzed into bcnZaldehyde, hydrazine, and carbohydrazide (p. 447) (B. OT, 
3548). // 

Dihydtoxy guanidine, is obtained as hydrobromide'" from 

cyanogen bromide and hydroxylamme in methyl alcohol. It is stable, to acids, 
but is changed immediately by alkalis into an unstable red azo body, wtuch becomes 
ultimately converted into azoxybismethenylamidoxime, H,NC(IJiOH).(N20)C- 
(N0H)NH2, hydrazodicarbonamide, and other substances. 

Amino-methyl-nitrosilic Acid, H2NC<^^^^, is produced^ when alcoholic 

potassium hydroxide decomposes the above-mentioned inb^mediate azo-body. 
It consists of very unstable green tabular crystals, and Combines to form blue 


It consists of very unstable green tabular crystals, and 
or green salts ; potassium salt is deposited from alcoh^ 
needles (B. 88, 1445). 


ombincs to form blue 
as steel blue brilliant 


NITRILES AND IMIDES OF CARBONIC^ND THIOCARBONIC ACIDS 


The nitriles, cyanic acid, thioc^^iQ acid, cyanogen chloride, and 
cyanamide, stand in a systematic genetic connection with carbamic 



46o . ORGANIC CHEMISTRY 

acid, thiocarbamic acid, urea chloride, and urea, as well as with 
thiourea : 

NHjCOOH NHjCOSH NH,COCI NH.CONH, NH,CSNH, 

Carbamic Acid. Thiocarbamic Urea Chloride. Urea. TUourea. 

Acid. 

N^.OH N^CSH NTCCl N^.Nir., 

Cyanic Acid. Thiot yamc Acid. Cyanogen Chloride. Cyanamidc. 

The empirical formulae of cyanic acid, HONC, thiocyanic acid, 
HSNC, and cyanamide, CN2H2, have each another structural formula : 

NH-C-.O NH==CS Nn=C-NH 

Isoryanic Acid, Isothiocyanic Acid, Carbodi-imide. 

Carbimide. Thiocarbiznide. 

Indeed, alkyl derivatives are known which correspond with both 
formulae of each of these bodies. The isothiocyanic esters, or mustard 
oils, may be especially mentioned. The constitution of free cyanic 
acid, and of cyanamidc, has not yet been determined with certainty, 
whilst the normal formula, HS.C=N, is univoi sally attributed to 
thiocyanic or sulphocyanic acid. Cyanic acid itself has received the 
iso-formula, HN=^C= 0 , because it forms isocyanic esters with diazo- 
methane (C. IQ06, II. 1723). 

The remarkable tendency of cyanic acid and cyanamide to poly- 
merization is particularly noteworthy ; the former substance gives rise 
to cyamclide and cyanuric acid, and the latter to dicyanodiamidc and 
tricyanotriamide or melamine. 

When the simple derivatives of cyanic acid have been discubsed, then the 
corresponding trimolecular polymers will be described. 

Numerous compounds containing the cyanogen group have been 
described and discussed in the preceding pages as nitriles of carboxylic 
acids (p. 278), hydroxy- and kctonic acids (jip. 378, 409, 4h()). The 
simplest body, hydrogen cyanide av hydrocyanic acid (p. 239), has been 
liscussed with formic acid. Cyanic acid bears a iclation to hydrocyanic 
add similar to that of carbonic acid to formic acid. 


OX\'T 7 N DERIVATIVES OF CYANOGEN, THEIR ISOMERIDES AND 
POLYMERIDES 

Cyanic HN:CO or HO:C.N, isomeric with fulminic acid 

or carbyloxime^p^ 248), is obtained by heating polymeric cyanuric 
acid. The vapOrs wliich distil over are condensed in a strongly 
cooled receiver. 

The acid is only^.^able below 0°, and is a mobile, very volatile 
liquid, which reacts acid, and smells very much like glacial 

acetic acid. It produce, j^hsters upon the skin. At about 0°, the 
aqueous solution is rapqy converted into carbon dioxide and 
ammonia : 

HONC H,0=C0,-f HN,. 

At o®, the liquid cyanic a^i passes rapidly into the polymeric 
cyamclide — white, porcelain which is insoluble in water. 
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and when distilled reverts to cyanic acid. Above o®, the conversion 
of liquid cynanic acid into cyamelide and cyanuric acid (C. 1902, 1 . 526) 
occurs, accompanied by an explosive generation of froth (comp, 
formaldehyde, p. 197). 

Cyamelide is also obtained by grinding together potassium cyanate 
and crystallized oxalic acid, and washing out with water. It is a 
loose white powder, only slightly soluble in all solvents. Prolonged 
boiling with water decomposes it into NH3, CO2, and partly into 
cyanuric acid (p. 463). When digested with concentrated sodium 
hydroxide solution it is converted completely into tri-sodium cyanurate. 

This probably corresponds with the formula 

is therefore analogous to trioxymetliylene (p. 199) (B. 38 , 1013). 
Cyanic acid dissolves in alcohols, yielding esters of allophanic acid 

(P- 444 )- 

Potassium Cyanate, Potassium Isocyanate, ordinary cyanate of 
potassium, KO.C-N oi' KN:C: 0 , is formed in the oxidation of 
potassium cyanide in the air, or with some oxidant like lead oxide, 
minium, potassium permanganate (B. 36 , 1806), or sodium hypo- 
chlorite (B. 26 , R. 779). It is most conveniently made by heating 
small portions (3-5 gm.) of an intimate mixture of 100 parts potassium 
fcrrocyanidc and 75 parts of potassium bichromate in an iron dish, 
during which NI hj should not be set free (B. 26, 2438). It results, tdo, 
on conducting dicyanogcn or cyanogen chloride into potassium hy- 
droxide solution (B. 23 , ^.ioi). The salt crystallizes in shining leaflets, 
resembling potassium chlorate, or in quadratic plates (B. 27 , 837), 
and dissolves readily in cold water, but with more difficulty in hot 
alcohol. In aqueous solution it decomposes rapidly into ammonia 
and potassium carbonate. 


Potassiiini ibocyanate precipitates aqueous solutions of the heavy metals. 
The lead, Silver, and mercurous salts are white, the cupric salt is green in colour^ 
Lead cyanate is (piautitatively hydrolized to carbonate and urea when boiled 
water (C. L t6o). 

Ammonium cyanate, Nll4.or:Nor NH^.NiCiO, is a white crystalline ponder, 
formed by coiit.icL of cyanic acid vapours with dry ammonia, or by mixing H^ereal 
solutions of cyanic acid and ammonia (C. 1900, I. 107). l^otassium hi^^'^xide 
decomposes it into potassium isocyanate and ammonia. On heatiiy® dry 
salt to bo°, oj- l^y evaporating its aqueous solution it passes into tr*® isomeric 
urea (p. 43‘^). Similarly, cyanurates of primary and sccondar’*'' . 3 -fe 

changed into alkylated ureas, whilst those of the tertiary ^ remain 

unchanged. nilari 

The cyanates of the piim.-iry and secondary’ amines are converted 

into alkyl ureas, whereas the salts of the tertiary amines rf ^ ° unchanged. 

ji 

Esters of Eormal Cyanic Acid, Cyanetholinf/' “o* 

known (A. 287, 310 ). Iniidocarbonic acid x* , , 'P' 445) are pro- 
duced when cyanogen chloride acts on sodi? * alcohohe 

Esters of Isocyanic Acid, Alkyl 

prepared these, in 1848, (i) by d' um ethyl sulphate 

with potassium isocyanate ; 

*=C,H,N;CO+ K.SO. 

(C,H,)KSO,+KN:r' * * 
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Esters of isoc3raniiric acid are formed at the same time, in conse^ 
quence of polymerization. (2) Isocyanic esters are also produced by 
oxidizing the carbylamincs with mercuric oxide : 

C,H5.NC+0=C,n5.N:C0 ; 

(3) by the action of silver isocyanate on alkyl iodides at low tem- 
peratures (together with esters of cyanuric acid, p. 463) : 

C,H5l+AgN:CO=C,HgN:CO+AgI ; 

and (4) by heating the dry mercuric chloride double salt of the alkyl 
carbamine thiolic acids (p. 449) (A. 359 , 203) : 

CaH^NH.CO.S.HgCl > CaHgNzCO-f HgS-fHCl. 

These esters are volatile liquids, boiling without decomposition, 
and possessing a very disagreeable, penetrating odour, which provokes 
tears. They dissolve without decomposition 111 ether. On standing 
they pass rather rapidly into the polymeric isocyanuric esters. 

Isocyanic Methyl Ester, CHjNrCO, Methyl Isocyanate, Methyl Carbimide, 
b.p. 44°- 

Isocyanic Ethyl Ester, CaHjNiCO, b.p. 60®. 

Isocyanic Allyl Ester, CjHgN.CO, b.p. 82®. 

Isocyanic Isdutyl Ester, CONCJI,, b.p. loi*. 


Reactions . — In all their reactions they behave like carbimide 
derivatives, in which the alkyl group is united to nitrogen, (i) Heated 
with KOH they become primary amines and potassium carbonate 
(p. 159). This is the method Wurtz used when he first discovered 
them. 

(2) Acids in aqueous solution behave similarly : 

CaH5N:C04-Hj0+nCl=C0a-fCjHaNHj.HCl. 

(3) With the amines and ammonia they 5deld alkyl ureas (q.v.). 
4 ) Water decomposes them at once into CO2 and dialkyl ureas. In 
J^is decomposition amines form first, CO2 being set free, and these 
CQ^bine with the excess of isocyanic ester to dialkyl ureas {q.v.). 

Q Fatty acids convert them into alkyl primary acid amides 
(p. 27")' being simultaneously evolved. (6) Acid anhydrides 
convert ibcm into alkyl secondary acid amides (p 276). 


(7) The isocyanic acid unite with alcohol, yn'lding esters of carbamic 

^^^%)^Asd^eri valves of ammonia the isocyanic esters are capable of combining 
directly with the lalogen acids. The products arc urea chlorides (p. 437), from 
which the isocyanic '^ers arc again separated by distillation with lime : 


HCl 




Ca(OH)j 


:> CjHj.HNCO.Cl. 


Glycocollic EsteK Isocyani ^ OCiNCHjCOjCjHb, b.p.,, 115-120®, is obtained 
from elvcocollic ester hydroeq^ride by exces.s of phosgene in toluene. Water 
converts it into carhimijiodiac^ acid, C0(NHCHj5C02H)j, m.p. 167®. Other 
amino-acids yield corresponding \xed urea derivatives (C. 1906, II. 671). 

Acetyl Isocyanate, OCiN.COCHfb.p. 8 o®, is prepared by the action of acetyl 
chloride on mercury fulminate (p. 49 ). and on silver cyanate (B. 36 , 3214)- 
Alcohol and ammonia convert it intc acetyl urethane (p. 436) or monoacetyl 
urea (p. 441). 
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Methyl StUphonyl Isocyanate, CHsSO|N:CO, m.p. 31®, 73*5-75* (B. 88> 

aoi5). 

Carboxyethyl Isocyanate, C2H,OCO.N:CO, b.p. 1x6®, is produced from nitrogen 
tricarboxvlic ester (p. 445) by means of PfO,. It unites with alcohol to form 
imido-carboxylic ester (p. 444) ; and with ammonia to form allophanic ester 
(p. 444). Water converts it to carboxyl diurethane (p. 445) (B. 39, 686). 


CYANURIC ACID AND ITS ALKYLIC DERIVATIVES 

Just as with cyanic acid, so here with tricyanic acid, two structural 
cases are possible : 

(I) (HO)C=N C(OH) (2) (HO)C-N C(OH) (3) OC— NH C(OII) 

N=C(OH)— N Nil CO— N NH— CO—N 

Normal Cyanunc Acid. Intermediate Product. 

(4) OC— NH CO 

NH -CO-NH 

^ Iso> or Pbeudo-cyauunr Acid. 

Ordinary solid cyanuric acid, like cyanic acid, is most probably 
to be represented by an imide, tricarbimide, or isocyanuric formula 
(4) When titrated with sodium hydroxide and phenolphthelein in 
aqueous solution, it behaves as a monobasic acid, 5dcJding salts accord- 
into to formula (3). Two equivalents of alkali produce dibasic salts, 
corresponding with formula (2), which, on boiling, take up a third equi- 
valent of the nicldl, and form stable, well-crystallizing tribasic salts» 
C8N3O3MC3 (formula i), some of which are only slightly soluble in water* 
Corresponding with these consecutive dcsmotropic transformations 
(p. 38), the temperature coefficient of the electrical conductivity 
(taken as of a monobasic acid) of an aqueous solution of cyanuric 
acid increases with increasing temperature : the acid becomes stronger 
by a change of constitution as from formula 4 to i (B. 39 , 139). Its 
behaviour as a “ pseudo-acid is shown by the occurrence of isomeric 
mercury salts : 0 -mercury cyanurate C3N3(OHg)3, obtained from tri- 
sodium cyanurate .and mercury salts, is decomposed by alkalis 
N-mercury cyanurate, C303(NHg)3 is produced from free cyanuric 
and mercury salts, and is not decomposed by alkalis (B. 35 , 271";^ 

Esters can be obtained from all four formulae, but only ^sc in 
which the alkyl group is united to oxygen can be decomposed ly alkalis 
(B. 38 , 1005). The cyanuric halides (p. 465) are derived fronj^nnula i. 

Cyanuric Acid, C3N3O3H3, was first observed by S'Slieele in the 
dry distillation of uric acid. It is produced (i) by heati;{g tricyanogen 
chloride, C3N3CI3, or bromide (B. 16 , 2893) with wali^r to 120-130®, 
or with allmlis. (2) Dilute acetic acid added to a solution of potas- 
sium isocyanate gradually separates primary pyfassium isocyanate, 
C3N3O3H2K, from which mineral acids liberate cyanuric acid. (3) It 
is formed, also, (a) on heating urea (6) or Qtrbonyl diurea (p. 448) ; 
(c) on conducting chlorine over urea heatfd to I30«-I40® ; {d) when 
urea is heated with a solution of phosgene in toluene to 190-230® 
(B. 29 , R. 866). 

(a) 3C0(NH,)2=C,0,N2H,-^NH2 

(b) NH,C0NH.C0.NHC0N^t,.=.C,02NaH2 f NH, 

{c) 3Cl+3CO(NH,),=-C,CS,N,H,-h2NH,a r HCl+N 
{d) 3COC1,+3 CO(NHji),*= 2 C,u,N,H,+oHC 1. 
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The evidence in favour of a symmetrical structure for cyanuric 
acid depends on the successive substitution of the three chlorine 
atoms of cyanuric chloride by amidi)^, mcthylamido-, and ethylamido- 
groups, which always leads to the same acid-product, C3H3(NH2)- 
(NHCH3)(NH.C2H5), whatever the order in which the three groups 
are introduced (B. 32 , 692). 

Cyanuric acid crystallizes from aqueous solution with 2 molecules 
of water {C3NSO3H3+2H2O) in large rhombic prisms. It is soluble 
in 40 parts ol cold water, and easily soluble in hot water and alcohol. 
When boiled with acids it decomiioses into carbonic acid and ammonia ; 
when distilled it breaks up into cyanic acid. PCI5 converts it into 
tricyanogen cliloride. 

Characteiistic salts of the tribasic cyanuric acid are the trisodium 
salt and the amethyst-coloured cuprammonium salt (see above). 

Normal Cyanuric Esters are formed (i) by the action of cyanogen 
chloride on sodium alcoholales. 

(2) A simpler procedure is to act on the sodium alcoholates with 
cyanuric chloride or bromide (B. 18 , 3263 and 19 , 2063). 


Methyl Cyanuric Ester, m.p. 203®. 

Ethyl Cyanuric Ester, m.p. 20'', b.p. 275®. 

The noimal cyanuric cstci.s on being digested with the alkalis, break up into 
cyanuric acid and alcohol. They combine with six atoms of bromine. PClg 
converts them into cyanuric chloride. Boiling gradually changes them to 
isocyanuric esters. 

Partial hydrolysis of the normal cyanuric esters by NaOH or Ba(OH)j 
gives rise to normal dialkvl cyanuric acids, which, when heated, rearrange them- 
selves into dialkvl isocyanuric acids (B. 19 , 20O7) : 

O Dimethyl Cyanuric Acid, C3No(OCU 3)2.011, m p. 160-180°. O-Dimethyl 
C\anunc Acid Chloride, C3N3(OCH3)2t 1, m.p. 81°, is prepared from cyanuric 
cbloiide, methyl alcohol and zme dust (B. 36, 3195)- 

Esters of Isocyanuric Acid, Tricarhimide Esters, C303(NR)3, are formed 


together with the isocyanic estcia,.when the latter are prepared by the distillation 
S ^of potassium cyanate with salts of ^Ikyl sulphuric acid (p 4O1 ) We have already 
'.moken of their formation as a result of the molecular tr..n».pu-5ilion of the cyanuric 
^^ers. Hence they are formed together with these, or appear m their stead in 
esV .retie reactions — e.g. in the distillation of potassium cyanate with ethyl 
or w'hen silver cyanuiale is acted upon by alkyl iodides (B. 30, 2616). 
fl'lpk^jrc solid ciystalhnc bo Iks, soluble in water, alcohol, anil ether, and may be 
J h(‘v 'U'?'.vitliout decomposition. They pass into piiinary amines and potassium 
distilli iMiSvhen boiled with alkalis, similarly to the isocyanatis: 
carbonate ■ c,0,(NCH,),+6K()JI=3K,(.0, f 3NI1,C'H, 


\vanurtc Ester, Trimethyl Carbimide, C8()3fNCll3)3, m p. 176®, 
Methyl lso(^ ^ 

b.p. 296°. Ester, m p. 95” k p. 276° It volatilizes 

Ethyl Isocyanu^ 

witi) stisim. Acid Esters. Methyl Cyanuric Dimethyl Ester, 

IQCH,), m.p. 105®, is prcpaied, together with other 

CH,N c(OCHj)=N^^^^\\'ind iodomethane by prolonged contact in the cold, 
bodies, from silver cyanate v in the cold, and is hydiolyzcd by hydrochloric 

It can be sublimed nindecomp?*o^i ^TIjN(C303N3H2), m p. 200°. This also results 
acid into ^-methyl cyanuric aclinic , «'arbonyl dimethyl urea (p. 445). 

from the action of boiling -"‘^•“-’^4cn,N<Cgz-SS>C(OCH.). m.p. ii8-. 

Dtnuikyl Cyanune Methyl Ester., iodomethane in the cold. Hydrolysis 
IS produced from silver cyanurate (CHaN)j(C,0,NH), m.p. 222®, which 

gnes rise to Dimethyl tjt-Cyanuric if ctl \'anuric acid (see above) (B. 88, 1003). 
IS also obtamed by heating ».-dimethvl c\ • 



HALOGEN COMPOUNDS OF CYANOGEN 


465 

Cyanunc TrtaceMe, CsN,0,(COCHa)B> sea.p. 175^ with decompoaitioii, is 
produced from silver cyanurate and acetyl chloride. 

Cyanunc Tncarbontc Ester, results from the polymeri- 

zation Of cvanocarbonic acid ester (p 484) It is very slightly soluble, except 
in chloroform (B 88, 1010) 

Cyanunc Jnurea, (CaN30j)(C0NHa)a. is formed, together with cyanunc acid, 
when urea is heated to 200°, or with cyanunc bromide It is amorphous and slightly 
soluble. It forms a tnsodxum salt, which crystallizes with (B. 88^ xoio). 


HALOGEN COMPOUNDS OF CYANOGEN AND ITS POLYMERS 

The halogen compounds of cyanogen result from the action of 
halogens on metallic cyanides, such as mercury cyanide, and on aqueous 
hydrocyanic acid. The chloride and bromide condense to tncyanides 

in which the C3N3 group | | constitutes the radical of 

• N=-C— N 

normal cyanunc aad. On account of their connection on the one 
hand with cyanic and cyanunc acids and on the other with hydrocyanic 
acid and its salts, the cyanogen halides can be looked on as being either 
halogen compounds of the anhydride of n -cyanic acid or the halogen 
imides of carbon monoxide, e,g. , 

HN =*C CIN =C or CIC^ HOCZzS 

HydroLym c Acid. Cyanogen Cliionde n Cyanic Aad. 

Cafbonyl Imidf 

The foimula XN:C itceives substantiation from the fact that 
cyanogen halides easily yu Id hydiocyanic acid , also that the cyanogen 
chloride and alcoholic sodium cthoxide do not yield the normal cyanic 
ether (p 461), but imidocii borne ether, a reaction which is best ex- 
plained as taking place with the intermediate formation of NaNC and 
hypochlorous acid cstei (p 446) (C. 1092, I. 525, 862). Contrary to 
this IS the reaction of cyanogen chloride with meicaptides to form 
alkyl thiocyanates (p. 46s), and with ammonia to produce cyanamide 
(p. 471). 

Cyanogen Chloride, CNCl mp —5®, bp 15®, is produced by the action of 
chlorine on aqueous hydrocyanic acid or on a cold meicunc cyanide solution, 
or bcttei, on a solution of potassium cyanide and zinc sulphate (C 1907, I. 
746) It lb a mobile liquid After some time it passes spontaneously into 
cyanunc chloride With ammonia it 3acldb ammonium chloride and cyanamide, 
NHj NC Alkalis decompose it into metallic cvinides and isocyanates 

Cyanogen Bromide, CNBr, m p 52® bp 61®, is produced on adding a potassium 
cyanide solution drop by drop to bromine, when well cooled (B 29, 1822). For 
the reaction of cyanogen bromide and tertiary amines, sec p 472, etc 

Cyanogen Iodide, CNI, sublimes at 45®, without melting, m brilliant white 
needles 

• 

These compounds are spanngly soluble m water, but they dissolve 
readily in alcohol and ether. Their vapours have a penetrating odour, 
provoking tears, and act as powerful poisons. 

Cyanuric halides are converted into cyanunc acid when heated 
with water. 

VOL. 1.^ i H 
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are formed when an 


< (SK>-S 
I , 

(SK)=N 

alkaline solution of dithiocyanic acid is boiled with sulphur. The acid is struc- 
turally isomeric with xanthane hydride, which possesses a neutral reaction, into 
which it very rapidly changes in acid solution; Dimethyl Ester, C2N2S(SCHs)|, 
m.p. 42®, b.p. 279®, is decomposed by hydrochloric acid into CH3SII, NH4CI, 
and COg. The following shows the connection between these peculiar reactions 
(A. 331 , 265) : 

NC S CSv HS— CSv 

3HSNC > 1 f I J>NH > S+ >NH 


Thiocyanic Acid. 


Dlthiocyanate. 


H S.C(NHK 

\au thane Hydride. Dithiocyanic Acid. 

^C(SK) — S Acids y*CS ■ S 

Nr I 

^C(SK)=N 

Perthiocyanate. 


xs s 

X(NH)— ^ 

Xanthane Hydride. 


Cyanogen Sulphide, (CNS), and Pseudocyanogen Sulphide, are the yellow 
amorphous products which result when the alkali and alkali earth thiocyanates 
are oxidized. Cyanogen sulphide is also formed ^hen dry thiocyanates are 
treated with dry halogens, whilst pseudocyanogen sulphide, which appears to 
be a mixture of various substances in varying proportions, is obtained from an 
aqueous solution of thiocyanates with halogens, nitric acid, HjOg, or pcrsulphates. 
Cyanogen sulphide, and to a much smaller extent pseudocyanogen sulphide, 
when treated with water or sodium hydroxide solution yields cananne, 
a yellow substantive dye for cotton (one which does not require a mordant). 
It possesses a weakly acid reaction. Together with canarinc there is formed 
a yellow, non-dying substance. C3N4H4S2O, which is decomposed by alkali 
sulpliydratcs into thioammeh , (ClN)3{l^lij)2SH, and dithiomelanurenic acid, 
aminodithiocyanuric acid, (CN)3(NH3)(SI1)2 (J. pr. Ch. [2] 64 , 439). 

Alkyl Thiocyanates, esters of normal sulphocyanic acid are obtained (i) by 
distilling potassium thiocyanate with salts of sulphuric acid ethers or with alkyl 
iodides : 


KSCN+CjHjI =C2ll5SCN + KI. 

Further, (2) by the action of CNCl on salts of the mercaptans : 

CaHjSK + CNCl -=C2H,SCN -f KCl. 

They are liquids, insoluble in water, and possessing a leek-like odour. Nascent 
hydrogen (zinc and sulphuric acid) converts them into hydrocyanic acid and 
mercaptans : 

CaHgS.CN-fHa =HNC-f CgHj.SH. 

On digesting with alcoholic potassium hydroxide, potassium thiocyanate is formed, 
whilst the isomeric mustard oils do not yield any potassium thiocyanate. 
Boiling nitric acid oxidizes them to alkyl siilplionic acids (p. 146) with separation 
of the cyanogen group. This would prove that the alkyl group in these bodies 
is linked directly to sulphur. 

Methyl Thiocyanic Ester, m.p. 133®, D^ssi-oSo. When heated to 

180-185® it is converted into the isomeric methyl isothiocyanic ester. This 
con ver.'iion is more readily elfcctetl with allyl thiocyanate (see Allyl Mustard Oil, 
p. 470; C. 1901, IT. TII5)- 

Ethyl Thiocyanic Ester, C.jTl5S.rN, b.p. 142®. 

Isopropyl Thiocyanic Ester, C^KySCN, b.p. 152®. 

Allyl Thiociocyanic Ester, C3H3S.CN, b.p. i6i*, and rapidly changes to 
isomeric allyl mustard oil. 

• 

Thiocyanic Compounds derived from Aldehydes, Olycols, Hydroxy- 
Ketones and Hydroxy-Fatty Acids. 

Methylene Thiocyanate, DUhiocyanomethane, CH2(SCN)2, m.p. 107® (B. 7 , 
1282), is oxidized to methylene disulphonic acid (p. 210) (C. 1898, 1. 886). 

Ethylene Thiocyanate, Dithiocyanuethane, NCS.CHjCHj.SCN, m.p. 90® (B. 28 , 
1083). Ethylene Selenocyanide, m.p. 138® (B. 23 , 1092). 
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Thiocyanaeetone, CNSCH2.CO.CH3. D2o=i'i8o, is formed from 
barium thiocyanide and chloracetone (p. 224). It is an oil with scarcely 
any colour. It is somewhat soluble in water, and very readily soluble 
in ether. The alkali carbonates cause a rearrangement into methyl 

CH3— C — 

of^thiazole, || ^.OH (B. 25, 3648). 


Thiocyanacetic Acid, Sulphocyanacetic Add, CNS.CHgCOsH, is formed by 
the action ot chloracetic acid on KCNS. It is a thick oil ; ethyl ester, b.p. 
about 220°, prepared from chloracetic ester. 

On boiling the latter with concentrated hydrochloric acid, it takes up water, 

CH,— S V, 

loses alcohol, and thiocyanacetic acid, | XO, is formed (A. 249, 27). 

CO— NH^ 

Many of the reactions of this cyanacetic acid are better explained by the con- 
stitutional formula, SCNCH,COOH (or perhaps HC<^^>CHCOOH) (comp. J. pr. 
Ch. [2] 662 172). 

These heterocyclic bodies, derived from the products of the interaction of 
ammonium thiocyanate with a-chloroketones and a-chloro-fatty acids, belong to 
the class of thiazoles (Vol. II.). 

Mustard Oils, Esters of Isothiocyanic Acid, Alkyl Thiocarhimides. 

The esters of isothiocyanic acid, HN : CS, not known in a free 
condition, are termed mustard oils, from their most important repre- 
sentative. They may also be considered as sulphocarbimide deri- 
vatives. 

They are produced (i) by the rearrangement of the isomeric alkyl 
thiocyanaies on the application of heat (p. 4(;8) : 

CjHbSNC > CaHgNCS. 

(2) From primary amines. These combine (a) with CS2 in ethereal 
solution to form alkyl ammonium alkyl dithiocarbamates (B. 23, 282). 
(6) On adding sdver nitrate, mercuric chloride (B. 29, R. 651) or ferric 
chloiide (1:5. 8, 108) to the aqueous solution of these salts, formed with 
primary amines, and then (c) heating to boiling the metallic com- 
pounds fust precipitated, wheicby they are decomposed into metallic 
sulphides, hydrogen sulphide and mustard oils. 


2CS< 


NHC3H5 

S.NH3(C,H,) 




2CS==NC,H, 
^ AggS-j-HjS 


The mustard oil test for the detection of primary amines (p. 163) 
was worked out by i4. W, Hofmann. 


Iodine, too. forms mustard oils from the alkyl-ammonium salts of the alkyl • 
dithiocarbamic acids (comp, isothiouranic disulphides). 


(3) By the action of dialkyl thioureas (p. 452) with phosphorus 
pentoxide (B. 14, 985) ; and (4) from isocyanic esters and P2S5 (B. 
18, R. 72). • 

Properties. — ^The mustard oils are liquids, almost insoluble in 
water, and possess a very penetrating odour, which provokes 
tears. They boil at lower temperatures than the isomeric tluocyanic 
esters. 

ReacHons.-^i) When heated with hydrochloric add to 100®, or 
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with H2O to 200®, they break up into primary amines, liydrogen 
sulphide, and carbon dioxide (C. i8gg, I. 885) : 

C,H,NCS 4 - 2 H 20 =C,H 5 NH,+C 0 ,+H,S. 

(2) When heated with a little dilute sulphuric acid, carbon oxy- 
sulphide, COS, is formed, together with the amine. (3) When heated 
with carboxylic acids they yield alkylated acid amides and COS ; and 

(4) with carbonic anhydrides, diacidyl amides and COS (B. 26, 2648). 

(5) Nascent hydrogen (zinc and hydrochloric acid) converts them into 
thioformaldehyde (p. 209) and primary amines : 

C2H5NCS+2H,=CSHj+C,H5NH,. 

(6) When the mustard oils are heated with absolute alcohol to 100®, 
or with alcoholic potassium hydroxide, they pass into sulphourethanes. 

(7) They unite with ammonia and amines, 3de]ding .dkyl thioureas 
(y.v.). (8) Upon boiling their alcoholic solution with llgO or HgCl2, 

a substitution of oxygen for sulphur occurs, wHh formation of esters 
of isocyanic acid, which immediately yield the dialkyl ureas when 
treated with water (see p. 440). (9) Consult A. 285, 154, for the action 
of the halogens on the mustard oils. 

Methyl Mustard Oil, CH,NCS, Methyl Isothtocyamc Ester, Methyl Sulpho- 
rarhimtde, m.p. 34°. bp. 119®. 

Ethyl Mustard Oil, b.p. 133®, 1*019. Propyl Mustard Oil, bp. 153*. 

Isopropyl Mustard Oil, b.p. 137®. 

n -Butyl Mustard Oil, b.p. 167®. Isobutyl Mustard Od, b p 
Tert -Butyl Mustard Oil, b p 142°. n. -Hexyl Mustard Oil, b p. 2 lit®. Heptyl 
Mustard Otl, b.p. 238® (B. 29 , R. 651). Sec.-Octyl Mustard Otl, b.p. 232®. 

On account of its occurrence the following is noteA\orthy: sec.-Butyl Mustard 
C T-I 

Oil, CS:NCH<^Jj «. b.p. 159*5®. Di»**o’ 944 . is found in the ethereal oils of spoon 

wort (or scurvy grass) (Cochlearta officinalis) ; it is dextro-rotatoi y to polarized 
light, and on decomposition gives a dextro-rotatory sec.-butylamiue (C. Z901, 
II. 29). 

The most important of the mustard oils is the common or — 

Allyl Mustard Oil, Ally I Isothiocyanic Ester, CsHsNiCS, b.p. 
150*7®, Dio= I“0I7, the principal constituent of ordinary mustard 
oil, is obtained by distilling powdered black mustard seeds {Sinapis 
nigra), or radish oil from Cochi earia armor acia, with water. Mus- 
tard seeds contain potassium myronate (see Glucosides, Vol. II.), 
which in the presence ol water, under the influence of a ferment, 
myrosin (also present in the seed), breaks up into dextrose, potassium 
hydrogen sulphate, and mustard oil. 

The reaction occurs even at 0®, and there is a small amount of allyl 
thiocyanate produced at the same time : 

C,oHigKNOioS,-uC,HiaO, 4 -KHS 04 +C,H,NCS. 

Mustard oil is artihcially prepared by distilling allyl iodide or 
bromide with alcoholic potassium or silver thiocyanate (fierlich, A. 
178, 80 ; C. igo 6 , IL 1063) : 

KSCJSr-f C,HgI=CaNgNCS+KI ; 

a molecular rearrangement occurs here. 

Pure allyl mustard oil is a liquid not readily dissolved by water. 
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It has a pungent odour and causes blisters upon the skin. When 
heated with water or hydrochlonc acid the following reaction ensues : 
CJH*NCS+2H,0=C0,4 h,s+c,h,nh. 

It unites with aqueous ammonia to form allyl thiourea (p. 452). 
When heated with water and lead oxide it yields diallyl urea (p. 440). 

Acyl Thiocarhimtdes or Acyl Thiocyanates, are produced by the action of fatty- 
acid chlorides dissolved in benzene on lead thiocyanate Acetyl Thiocyanate 
Thiocarbamide, Valeryl rhtocarbimide,CJti^CO^CS{fi 29, R 85), 

and Carboxethyl Thtocarbim%de CjHjOCO NCS b p ,1 66® (B 29, R 514), were 
obtained in this manner Amines combine with them to form either alkylamides, 
AcNHR and ammothiocyanatcs or acyl alkyl thioureas, AcNHCSNHR (C 1905, 
I 1098 , 1906 II 773, etc ) 

Thlo- or sulphocyanuric Acid, (HS),C,N„ corresponds with cyanunc acid 
Isothiocyanunc acid is as little known as isocyanuric acid Thiocyanunc acid 
results from cyanunc chloride (p 466) and potassium hydrosulphide It consists 
of small yellow needles which decompose but do not melt above 200® 

Its esters result when cyanunc chloride and sodium mercaptides interact, 
and by the polymerization of the thiocyanic esters RS CN, when heated to i8o® 
with a little UCl More HCl causes them to split up mto cyanunc acid and 
mercapt ins 

Methyl Ester, (CH,S)3C3N, m p 188®, yields melamine with ammonia 
(P 473) 18,2755) Monothiocyanunc Dimethyl Ester (SH)(OCHa),C,N,, is 

prepared from O dimethyl cyanunc chlonde (p 464) and KSH When hydro- 
lyzed with HCl it yields monothiocyanunc acid (HS)(HO),CjN„ which gives a 
characteristic mercury salt (B 36, 3196) 

Isothiocyanunc Lsters (RNjgCjSj appear to have been formed by the poly- 
merization of mustard oils with potassium acetate (B 25, 876) 


CYANAMIDF AND THE AMIDES OF CYANURIC ACID 

Cyanamide, CN NII2 m p 40®, the nitnle of carbamic acid, absorbs 
water and passes mto urea, the amide of carbamic acid. It shows 
certain reactions, which would rather point to its being NH=C=NH, 
carhoditmide It is formed (i) by the action of diloro- or bromo- 
cyanogen on an ethereal or aqueous solution of ammonia {Btneau, 
1838 , Cloez and Cannizzaro, 1851) : 

CNC1+2NH,=CN NH.+NH^Cl , 

and also (2) by the desulphurizing of thiourea by means of mercunc 
chloride, lead peroxide, or mercunc oxide (B 18, 461 , A. 381, 282) , 
or lead hydroxide m presence of alkalis (C 1897, ^ 3^7) • 

CS<^5| +HgO=CN,H, +HgS +H,0 

(3) By nuxmg urea with thionyl chlonde : 

CO(NH,)*+SOCl,=CN,Hg+SO,4-2HCl. 

(4) Salts of cyanamide with sodium, calcium, e*tc , are prepared 
on a technical scale, and yield cyanamide when decomposed with acids : 

(a) Sodium amide and carbon or carbon compounds heated to 
400-600® produce sodium cyanamide (C. 1905, II- 1650, etc.) : 

aNH,Na+C >• CN,Na,+4H. 
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At 800* another atom of carbon enters into reaction and sodium 
C5ranide, NaNC, is produced (C. 1904, 1 , 64). 

{b) Calcium carbide, mixed with certain substances such as calcium 
chloride, and when heated to high temperatures, absorbs nitrogen and 
is converted into calcium cyanamide (C. 1905, II. 1059 ; B. 40 , 310, 
etc.) s 

C,Ca + Ng CN,Ca+C. 

(c) Carbonates, such as these of barium and lead, react with 
ammonia at temperatures of incandescence, yielding metallic cyan- 
amides (C. 1913, 1 . 677) : 

PbC08+2NH3 ^ CNjPb+sHjO. 

Cyanamide forms colourless crystals, easily soluble in water, 
alcohol, and ether. If heated it polymerizes to dicymdiamide and 
incyantriamide (melamine). 

Salts. — It forms salts with strong acids, but these are decomposed by 
water. It also forms salts with metals. An ammoniacal silver nitrate 
solution throws down a yellow precipitate, CN.NAg2,from its solutions. 

Reactions, — (i) By the action of sulphuric acid or hydrochloric 
acid, it absorbs water and becomes urea (p. 439). (2) HgS converts 

it into thiourea (p. 451), and (3) NII3 into guanidine (p. 455), whilst 
substituted guanidines are produced upon introducing the hydro- 
chlorides of primary amines. (4) Alcohols and hydrochloric acid 
change cyanamide into isourea-ether (p. 446). 

Mono- Alkyl Cyanamldes are obtained (i) by the action of cyanogen chloride 
on primary amines in ctheral solution, or from aqueous solutions of amines 
and potassium cyanide with bromine (C. igcb, II. 1046) ; (2) by heating alkyl 
thioureas with mercuric oxide and water. 

Methyl Cyanamide, CN.NHCHg, and Ethyl Cyanamide, CN.NHCjHg, are 
non-crystallizable, thick syrups with neutral reaction. They are readily con- 
verted into polymeric isomelamine derivatives. 

Allyl Cyanamide, CN.NHCsH^, called Sinamine, is obtained from allyl 
thiourea. It is crystalline and polymerizes readily into triallyl melamine. 

Dialkyl Gyanamides are formed from CNDr, or KNC+Br (C. 1906, II. 1046) 
and sec.- bases ; also from silver cyanamide, ('N.NAg,, and iodo-alkyls. Further, 
from CNBr and tert.-amines, whereby the first formed irialkyl cyanammomum 

bromide, R.R'R*N<Cg^, probably parts with hromo-alkyl — the smallest of the 

alkyl radicals being lost. Alkyl and benzyl radicals, however, behave excep- 
tionally, and are split off even more easily than the methyl group (B. 35, 1279). 
On the use of these methods for breaking down tertiary cyclic amines, see B. 40, 
39x4. Dimethyl Cyanamide, Cyanodimethylamine, CNjN(CH3)|, b.p.,^ 68® ; Ethyl 
Cyanamide, CN.N(C2H5),, b.p. 188®, is decomposed, when-boiled with hydrochloric 
acid, into CO,, NHg and diethylamine NH(C,Hb)j. Cyanodipropylamine, 
b.p.ii 89®. Cyanodiarnylamine, b.p., 3 130®. Treated with ammonia and 
sulphuretted hydrogen in alcoholic solution, the cyano-dialkylamines are easily 
converted into the corresponding thioureas (B. 82, 1872). 

An example of a- dialkyl-substituted carl^diimide is Di-n.-propyl Carbodi- 
tmide, C(=xN.C3H7)3, b.p. 177®, which is produced from sym.-dipropyl thiourea 
and HjO (B. 26, R. 189). 

For the conversion of cyanamide into cyanamidocarbonic acid, cyanamido- 
dicarbouic acid, cyanamidodithiocarbonic acid, see pp. 445, 467. 
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AMIDES OF CYANURIC ACID AND IMIDES OF ISOCYANURIC ACID 


Three amides are derived from cyanunc acid, and three imides from hypothetical 
isocyanunc acid, the pseudo- form of cyanic acid (p 463) : 
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Melamine, L\anuraintde, C,N,(NH2)3 is obtained as thiocyanate by: 
(1) Jht npid heating of ammonium thiocyanate (B 19 , R 340) (together with 
melam jnd melem) , (2) the polymerization of cyanamidc or dicyandiamide on 
heatine to 150® (together with mclam) (3) by heating methyl tnthiocyanunc 
ester to iSo® with concentrated ammonia, and (4) by heating cyanunc chloride 
to 100® with concentrated ammonia (B 18 , 2765) 


CaNjCl, f-6NH,=C,N,(NH,),+3NH4Cl 


Melimine is nearly insoluble in alcohol and ether It crystallizes from hot 
water in ‘hminq monoclinu pi isms It sublimes on heating and decomposes 
into mellon and NHj It forms crystalline salts with i equivalent of acid 
Molten potassium hydroxide converts it into potassium cyanate 

On boiling with alkilis or acids melamine splits off ammonia and passes 
successively into Ammehne, ( gllgNjO— CjNa(NHj)j OH, a white powder msoluble 
m water, but soluble in alK ilis and mineral acids (B 21 , R 789), Ammehde, 
Melanuremc Ac%d C3H4N40a— C9Nj(NH2)(OH),, a white powder which forms salts 
with both acids and bases and finally cyanunc acid, C3N3(OH)8 (B 19 , R 341) 
Melanurenie Acid is formed from mclam and melem (see below), when 
heated with concentnted II,S04 (B 19 , R 341 , 18 , 3106). 

Melam ( 4ll,Nii-=[(NH3)3C3N,],NH (?), 

Melem, C .H.N,o-[(NH,)C,N3(NH)]3 (?), 
and Mellon, -^C,N3(NH),C,N, (?), 

are formed by heating ammonium thiocyanate, the first tvo at 200®, and the last 
at red heat They are amoiphous white substences (B 19 , R 340) 

Alkyl DerivatlYes of the Melamines. 

Whilst melamine is only known in one form as cyanurotriamide, two eenet 
of isomcnc alkyl derivatives exist — obtained from normal melamine and hypo* 
thetical isomelamme : 

(I) C.Ns(NHR'), and C*N3(NR',), (2) CaN,H,(NR^,. 

N 01 mil Alkyl MeUimneft Isoalkyl Slelti 



474 


ORGANIC CHEMISTRY 


These are distinguished from each other not only by the manner of their 
preparation, but also by their reactions. 

(1) Normal Alkyl Melamines arc obtained from the trithiocyanuric esters, 
CgN,(S.CH3),, and from cyanuric chloride, CaNsCl,, upon heating with primary 
and secondary amines (B. 18 , R. 498) : 

C.N,C 1 ,+ 3 NH{CH,),-C,N,[N(CH,)J,. 

Heating with concentrated hydrochloric acid causes them to split up into cyanuric 
acid and the constituent alkylamines. 

Trimethyl Melamine, CjNTfNH.CHj),, m.p. 130®, dissolves readily in water, 
alcohol and ether. Triethyl Me amine, C,N3(NII.C,H5)3, crysL.llizes in needles, 
m.p. 74® C. 

Methyl Ethyl Melamine, C3H3(NHC3H3)(NHCH8)NH3, m.p. 176®, is prepared 
from cyanuric chloride by the successive substitution of NH,-, CH3NH-, and 
C3H5NH- groups, it being immaterial in which order the groups are introduced. 
On the significance of these compounds to the constitution of cyanuric chloride, 
see p. 463. 

Hexamethyl Melamine, C3N'8[N(CH3)8]8, m.p. 171®, Pexacthyl Melamine, 
C8N8fN(C2H5)2]s, is a liquid, which is decomposed by hydrochloric acid into 
cyanuric acid and 3 molecules of diethylamine. • 

(2) Alkyl Isomelamines are formed by the polymerization of the alkyl 
cyanamides, CN.NUR' (p, 472), upon evapoiating their solutions, obtained from 
the alkyl thioureas on warming with mercuric oxide and water. They are 
crystalline bodies. When heated with hydrochloric acid they yield cyanuric 
esters and ammonium chloride (B. 18 , 2784). 

Trimethyl Isomelamine, C8N3(CHj),(NH)3+3H30, m.p. 179®, anhydrous. It 
already sublimes at about 100®. Triethyl Isomelamine^ C8N3(C,H5)a(NlT)3 4-4H8O, 
consists of very soluble needles. Consult Hofmann, B. 18 , 3217, for the phenyl 
derivatives of the mixed melamines (also amide and imide ladies). 

Cyanuramlne Chlorides. 

Cyanuramine Dtchlortde, C8N3Cl2(NH3), corresponds with cyanuric monamide 
or ammclide (p. 473) or melanurenic acid ; and Cyanurodiamine Monochlortde, 
CjN3Cl(NIl2)2, with cyanuric diamide or ammcline. The former substance is 
formed by the action of ammonia on an ethereal solution of cyanuric chloride ; 
the latter by aqueous ammonia on the chloride. Similar conditions of experi- 
ment appli<'d to methylamino and ethylamine give rise to the following sub- 
stances: Cyanuromethylamine Dichloride, C3N3Cl3(NHCH8), m.p. 161®; Cyanuro^ 
ethylamine Dichloride, CaN3Cl2(NHC2H3)2, m.p. 107®, Cyanuraminomethylamine 
Chloride, C^NjC^NHalfNIlCHa) : Cyanuraminoethylamine Chloride, C3N3CI- 
NH(C2H3)(NIT2), m p. 176°; Cyamiromethylaminoethylamine Chloride, CjHgCl- 
(NHCH8)(NHCaH5), m p. 235®. Ethylamine, methylamine and ammonia convert 
the three last-named chlorides into methyl ethyl melamine. 

Cyanuramine Hydrides, Guanamines. The hydrogen compound, hydrocyanuric 

acid or trihydrocyanic acid, corresponding with cyanuric chloride, 

is unknown. However, reduction of cyanuramine dichloride forms Monamino* 
hydrocyanuric Acid, C3N8H2.NH2, mp. 225®, whilst cyanodiamine monochloride 
yields diaminohydrocyanuric acid, Guanamines are the bases formed when 
fatty acid guanidine salts are heated to 220®-230®, whereby water and ammonia 
arc driven off {Nencki, B. 9 , 228). The simplest guanamine is formed when 
guanidine formate is heated, or when biguanide (p. 457) is acted on by chloro- 
form and potassium hydroxide solution (B. 25 , 535). This Formoguanamine, 

C(NH*)^^* ”^*P* 325®. is identical with diaminohydrocyanuric acid 

(see above). Homologous guanamines are derived from this, by the replacement 
of the H-atoms in the CH- group by alcohol radicals. 

Acetoguanamine, CHiC<c]^ m.p. 265®, is produced from guani- 

dioe acetate. Concentrated sulphuric acid at 130® converts it into aceto- 
gulknamide (comp. Acetyl Urethane, p. 436). 

^ Ketenes, Carbomethenes, discovered by Staudinger in 1905, show a great 
nmilarity to the derivatives of isocyanic acid or the carbimidet, such as 



KETENES 


alkyl uocyanates and acyl imyanates (pp 46X, 462) By analogy to carbimidap, 
they can be called carbomethenes : 


CO=NCH, 
Methyl Isocyanate 
Carbo methyhnude 


CO==CH, 

Ketene 

Carbo methena 


The ketenes can also be considered as internal anhydrides of monocarboxyhc 
acids, and are then comparable with carbon monoxide (p 267) 

They are prepared (z) by the action of zme on a bromo-fatty acid bromides 
m mdiherent solvents : 

Zn 

CH,Br— COBr > CH,=CO + ZnBr, 

(CHa)aCBr— CBr — ^ (CH,),C=^CO + ZnBr,. 

Also, by the action of tertiary ammes, such as triethylamme, on carboxylic acid 
chlorides, whereby hydrochloric acid is split olf, ketenes probably are formed, 
but they polymerize instantaneously (see below) 

(2) When the vapours of acetic anhydride are passed over a platmum wire 
heated electiically to redness or through an electric arc, ketenes are formed : 

CHjOO O COCH, > 2CH,=:C04 H,0. 

(3) heatmg dialkyl malonic anhydride (B 41 , 2208) : 


(C 


^o+co.. 


Up to the present time the following members have been prepared : Ketene, 
^arhomethene, Cll, CO mp — 151®, bp —56°, a colourless, poisonous liquid, 
having an odour of chlorine and acetic anhydride Methyl Ketene, Carhomethyl 
Mcthene Carhoethyhdene CH,CH CO and Ethyl Ketene, Carhoethyl Methene, 
Carbo propyhdene, C2H5CH CO have only been obtained in ethereal solution. 

Dimethyl Ketene Carhodxmethyl Methene, Carbotwpropylene, (CH2)2C;CO 
(comp p 290) m p —97 5®. b p j is a very mobile, wme-yeUow liquid. Diethyl 
ketene (C gH5)gC,C08, b p 92® is a yellow liquid 

Reactions — Ihe lower members are only stable at low temperatures, but 
somewhat more so m solution They polymerize -with extraordmary ease 
sponl incously or under the inlluence of zinc bromide or tertiary amines Ketene 
gives rise to dehydracetic acid and dimethyl ketene to tetramethyl-oyclohutane-dione : 

(C2H5),N 

4CH2 CO ^ C,H ,04 (CH3),C CO > (CH 3 ) 4 C 40 , 

The ketenes show none of the characteristic ketone reactions Like the 
carbimides they easily combine \\ ith water to form carboxylic acids or anhydrides ; 
with alcohols to carboxylic esters, with ammonia or ammes to carboxylic acid 
amides 

HjO 

CH,N =*CO > CH,NHCOOH, etc. CH * 

c H,OH 

CH,N =CO >■ CH.NHCOOCH3 CH, 

NH, 

CH,N«CO ^ CHjNHCONH^ (p 461), CH, 

Bromine is taken up to form a biomo fatty acid bromides 

In contradistmction to the lower ketenes, dimethyl ketene combmes with 
tertiary amines such as pyridine, quinoline, etc , to form stable bodies, 
C,H4N[(CH,),C:C0], an oil, C,H,r(CH,),C . CO]„ m p 83®^ which, when boiled 
with hydrochloxic acid, form complex intermediate compounds and ultimately 
break down mto the amine and isobutyric acid Stable compounds are also 
formed with substances possessing the group --C=N— (isocyanates, mustard 
oils, Schiff s bases) Oxygen is absorbed to form a very explosive peroxide 
(A 866, 51. B 41 , Z025) Closely connected with the ketenes carbon suboxide, 
'lined from malonic acid and described with it (p 487). See also 
diphenyl ketene and diphenylene ketene (Vol II.). 


H,0 

=CO > CHjCOOH 

C,H,,OH 

=CO CH,COOC,H„ 

NH, 

-CO ^ CH,CO NH, 
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TO. DIBASIC ACID, DICABBOXTIIC ACIDS 


A. PARAFFIN DICARBOXYLIC ACIDS, OXALIC ACID SERIES, 


The acids of this series contain two carboxyl groups, and are there- 
fore dibasic. They differ very markedly from each other on the 
application of heat, depending upon the position ol the carboxyl 
groups. Oxalic acid, CO2H.CO21 1 , the first member of the series, breaks 
down on heating chiefly into CO2, CO and water, and in part into CO2 
and formic acid. The nature of the latter decomposition is cha- 
racteristic of all those homologues of oxalic acid, in which the two 
carboxyls are attached to the same carlx)n atom — the j3-dicarboxylic 
acids, e.g. malonic acid, CH2(C02H)2. The latter acid and all mono- 
and di-alkyl malonic acids decompose on heating at the ordinary pressure 
into acetic acid (also mono- and di-alkyl acetic acids) with the elimina- 
tion of CO2. Malonic acid is the type of these adds : 

CH,<c3*h =CH,.C0.H +CO,. 

Malonic Acid. Aratic Acid. 

On the other hand, when the two carboxyl groups are attached to 
adjacent carbon atoms, as in ordinary or ethylene succinic acid, 
CO2H.CH2CH2.CO2H, and in the alkyl ethylene succinic acids, these 
y-dicarboxylic acids, when heated, do not give up CO2, but part with 
water and pass into anhydrides, which can also be prepared in otlier 
ways, whereas the anhydrides of the malonic acids are not known 
(p. 488). Ethylene succinic acid is the type of these acids : 

CH,COOH CH,CO. 

1 =1 >0-f-H,0. 

CHaCOOH CHgCC;' 

Ethylene Succinic Succinic Anhydride. 

Acid. 


Glutaric acid, or normal pyrotartaric acid, CO2H.CH2.CH2.CH2.- 
CO2H, in which the two carbox}^ groups are attached to two carbon 
atoms, separated by a third, behaves in this manner. Like succinic 
acid, it yields a corresponding anhydride when it is heated. All 
acids, which can be regarded as alkyl glutaric acids, behave 
analogously : 


CH *=CH -1- F r o 


Glutaric Acid. 


Glutaric Anhydride. 


When the carbon atoms, carrying the carboxyl groups, are separated 
by two carbon atoms from each other — e.g. adipic acid, CO2H.CH2.- 
CH2.CH2.CH2.C02H---tliev do not influence one another on the appli- 
cation of heat. Adipic acid volatilizes undecomposed. 

Therefore, the* numerous paraffin dicarboxylic acids are arranged 
in different groups, and, after oxalic acid, the malonic acid group, the 
succinic acid group, and the glutaric acid group will be discussed. 
Then will follow adipic acid, suberic acid, sebacic acid and others 
which do not belong to any one of the three acid groups mentioned 
above. 



SATURATED DICARBOXYUC ACIDS 


• 4J7 


Formation. — The most important general methods are — 

(1) Oxidation of (a) diprimaiy glycols, (i) primary hydroxyalde- 
hydes, (c) dialdehydes, (a) primary hydroxyadds, and («) aldehyde 
adds (p. 400) : 

CHjOH ^ COOH CHO CO,H 

in.-OH ^ ^HjOH ino ^ 6 oh ^ io,H 

Glycol. Glycollic Acid. ~^lyoxal. Glyozylic Acid. Oxalic Add. 

The dibasic acids are also formed when the fatty acids, CnH2n02, 
and the acids of the oleic acid series, as well as the fats, are oxidized 
by nitric acid. Certain hydrocarbons, CnH2n, have also been converted 
into dibasic acids by the action of potassium permanganate. 

(2) By the reduction of unsaturated dicarl^xylic acids : 

CHCOgH CHaCOjH 

'll +2H- I 

CllCOaH CHjCOJI 

Fuinanc Acid. Ethylene Succinic Acid. 

(3) When hydroxydicarboxylic acids and halogen dicarboxylic 
acids are reduced. 

Nucleus-synthetic Methods of Formation. — ^Thcse are very numerous. 

(4) When silver in powder form (B. 2, 720) acts on mono-iodo 
(or bromo-) fatty acids : 

CHjCIIjCOjH 

0,H f 2Ag= 1 +2AgL 

ClIaCHjCOjH 

/l-Iodopropionic Arid. Adipic And. 

See trial kyl-glutaric acids for the abnormal course of this re- 
action when a-bromisobutyiic acid is used. 

(5«) Conversion of monohalogen substituted fatty acids into cyan- 
derivatives, and boiling the latter with alkalis or acids (pp, 252 and 
280) : 

CH.<^°»“+2H.O=CH.<^g|“+NH,. 

Cyanacetic Arid. Malonic Acid. 

(56) Conversion of the halogen addition products of the alkylenes, 
Cnll2n» into cyanides and the saponification of the latter : 

CII 2 CN CHj.COjH 

I +4H,0= I +2NH,. 

CH,.CN CHj.COjH 

Only the halogen products having their halogen atoms attached to two 
different carbon atoms can be converted into dicyanides*. 

Since dicarboxylic acids or their esters or anhydrides can be reduced 
to hydroxycarboxylic acids or their lactones (p. 372) by means of 
nascent hydrogen (from sodium and alcohol, electroly^is, etc.), and 
these can be converted into cyanocarboxylic acids, vid halogen-car- 
boxylic acids, it follows that these processes provide a means for the 
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synthesis of progressively higher members of the dicarboxylic add 
series: 


CO,H.CO,H > CH,OH.CO,H > CH,ClCO,P > CN.CH,CO,H 

^ COjH.CH,CO,H. 

(y) y- and rf-Lactones, when heated with potassium cyanide and 
subsequently hyckolyzed, are converted directly into a higher add 
(comp. p. 373) (C. 1905, 11 . 755) : 


(CH,),C.CO,R 

h,(!:.co,r 


H (CH,),C.CH 
H 


'T 

I,CJ 


KNC^ (CH,)j|C.CH,.CN ROH^ 

^ HjCCOOH 
{CH5),C.CHa.CO,R h (CHa),C.CHj.CII, 

> L._ _ \ 


‘)>o 

CO 


HjC.COjR 


CHj.COO 


(6) In the synthesis of the mono- and di-alkyl malonic acids it is 
of the first importance to replace the hydrogen atoms of the CH2 group 
of the malonic acid in its esters by alkyl groups, just as was done in 
the case of acetoacetic ester (p. 413). This reaction will be more fully 
developed in the malonic acid group (p. 487). 

(7) By the electrolysis of concentrated solutions of the potassium 
salts of the dicarboxylic acids mono-alkyl esters (see electrolysis of 
the mono-carboxylic acids (pp. 73, 83, 253) : 

rHjCOgCjHs CHaCOaCJIj 

2 I ■f2H,0= I f2CO,+2KOH+2H. 

CO^K CHaCOaCjH, 

Potassium Ethyl Succinic Ethyl 

Malonatc. Ester. 


(8) A very general method for the s3nithesis of dibasic acids is 
based upon the decomposition of j 3 -ketone dicarboxylic esters. Acid 
residues are introduced into the latter and the products decomposed 
by concentrated alkali solutions (p. 415) : 

CH^coCH^gf ^ ( ri^cgg;” : 

Acetomalonic Ester Malonic Acid. 

CHjCO.CHCOjCj M, CH.CO.H 

I I 

CH,ro,c,n, CHjCo.H 

Acetosuccinic Estn. Succinic Acid. 


(9) Tricarboxylic acids, containing two carboxyl groups attached to 
the same C-atom, split off CO2 and yield the dibasic acid. Ethane 
tricarboxylic acid yields succinic acid, and isobutane tricarboxylic 
acid gives rise to unsym.-dimethyl succinic acid, etc. 

Isomerism , — ^Thc possible structural isomers of the dicarboxylic 
acids depend upon whether the two COOH groups are attached to 
two different carbon atoms or to a single atom. Isomers of the 
first two members of the series — 


CO,H 



OmUc Acid. 


and ( 2 ) CH 



lUlfrbk Add. 
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aie not possible. For the third member two structural cases 
exist: 


(3) I 

CH,CO,H 

Ethylene Dicarboxylic Acid, 
Succinic Acid 


yCOjH 

^CO,H 


CH,.CH 


Stbyhdene Dicarboxylic Acid, 
Isosuccinic Acid 


There are four possible isomers with the formula CaHe<QQ*j[[» 
etc. ; all are known : * 


( 4 ) 


CHaCOaH 

(!Ha 

if 


iHaCOjH 
Glutanc Acid, 
B-Pyrotartaric Acid. 


CHjCOjH 

(!;hco,h 

in, 

Ord Pyrotartanc 
Acid. 


CH(COaH)a 

<!:h, 

in. 

Ethyl Malonlc 
Acid. 


CHa 

i(CO,H), 


Dimethyl Malonlc 
Aud. 


(5) The fifth member of the series, the acid C4H8(C02H)2, has nine 
possible isomers ; all arc known : 

(a) Adipic acid — C02H[CH2]4C02H. 

[b) a- and jS-Methyl glutanc acid. 

{c) Sym.- and unsym. -dimethyl succinic acid, and ethyl succinic 
acid. 

(d) Propyl, isopropyl, and methyl ethyl malonic acids. 

(6) Theie are twenty-four imaginable isomers of the sixth 
meml^r — the acids C6Hio(C02H)2 (A. 292 , 134). 

Nomenclature (p. 42). — ^Whilst the names of the older dicarboxylic 
acids — e.g, oxalic, malonic, succinic, etc. — ^recall the occurrence or 
the methods of making these acids, the names of those acids which 
have been synthetically picpared from malonic esters are derived from 
malonic acid, e.g. methyl malonic acid, dimethyl malonic acid. The 
names of the alkyl ethylene succinic acids, etc., have been derived from 
ethylene succinic acid. 

The “ Geneva names ” are deduced, like those for the mono- 
carboxylic acids, from the corresponding hydrocaibons ; oxalic acid= 
[Ethane-diacid] ; malonic acid=[Propane-diacid] ; ethylene succinic 
acid=[Butane-diacid]. The bivalent residues linked to the two hy- 
droxyls are called the radicals of the dicarboxylic acids — e.g. CO.CO, 
oxalyl ; CO.CH2.CO, malonyl, and CO.CH2-CH2.CO, succinyl. The 
melting points of the normal dicarboxylic acids exhibit great regularity : 
the members containing an even number of carbon atoms melt higher 
than those with an odd number {Baeyer, p. 62). 

Derivatives of the Dicarboxylic Acids — ^It has been indicated 
in connection with the monocarboxylic acids (p. 233) what derivatives 
of an acid can be obtained by a change in the carboxyl gioup. As 
might well be expected, the derivatives of the dicarboxylic acids are 
much more numerous, because not only the one group, but both 
carboxyls can take part in the reaction. The heterocyclic derivatives 
of the ethylene succinic and glutaric acid groups are particularly 
noteworthy: they are the anhydrides (p. 476) and the acid imides,\ 

6 .e.siiiccinimtde, \ *’ Nnh, and ch,<^h^ co>*^**‘ 

CH,.CO' *■ 

have been previously mentioned. 
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OXALIC ACID AND ITS DERIVATIVES 

(1) Oxalic Acid, [Ethane-diacid], C2O4H2 (Acidum oxalicum), 
m.p. anhydrous, 189®, hydrated, loi®, if rapidly heated (B. 21 , 1901), 
occurs in many plants, chiefly as potassium salt in the different varieties 
of Oxalis and Rumex. The calcium salt is often found crystallized in 
plant cells ; it constitutes the chief ingredient of certain calculi. 

The acid may be prepared artificially (i) by oxidizing many carbon 
compounds, such as sugar, starch, etc., with nitric acid. 

Frequent mention has been made of its formation in the oxidation 
of glycol, glyoxal, glycollic acid and glyoxylic acid (pp. 312, 477). 

(2) From cellulose : by fusing sawdust with potassium hydroxide 
in iron pans at 200-220®. The fused mass is extracted with water, 
precipitated as calcium oxalate, and this is then decomposed by 
sulphuric acid (technical method). 

(3) It is formed synthetically by (a) rapidly heating sodium formate 
above 440® (B. 15 , 4507) : the addition of sodium hydroxide, carbonates 
or oxalates enable the reaction to take place at 360®, and more com- 
pletely (C. 1903, 11 . 777 ; 1905, II. 367) : 

HCOONa COONa 

= 1 +H,: 

HCOONd COONa 

by (6) oxidizing formic acid with nitric acid (B. 17 , 9). 

(4) By conducting carbon dioxide over metallic sodium Jieated to 
350-360® (A. 146 , 140) : 

2COj-fNa3 CjO^Na,. 

CO2 and potassium hydride yield a mixture of potassium formate 
(p. 237) and oxalate. 

(5) Upon treating the nitriles, cyanocarbonic ester and dicyanogen, 
with hydrochloric acid or water respectively : 

CN ( 0,11 CN 

CO.C^H, 00,11 CN 

History . — ^At the bcf'inning ot the seventeenth century salt of sorrel was 
known, and was considered to be a vaiiety of argol. Wiegleb (1778) recognized 
the peculiarity of the acid contained m it. Scheele had obtained the free oxalic 
acid as early as 1776 by oxidizing sugar with nitric acid, and showed in 1784 
that it was identical vdth the acid of tlie salt of sorrel. Gay-Lussac (1829) dis- 
covered that oxalic acid was formed by fusing cellulose, sawdust, sugar, etc., 
with potassium hydroxide. This process was introduced into practical manu- 
facture in 1856 by Dale. 

Constitution. — Free oxalic acid crystallizes with two molecules of 
water. The crystallized acid is probably ortho-oxalic acid, C(0H)3.- 
C(0H)3 (p. 235);. Ortho-esters of the acid C2(0R% are not known, 
but esters do exist, which are derived from the non-isolated half-ortho- 
oxalic acid, C(0H)3.C02H. 

Properties and Reactions. — Oxalic acid crystallizes in monoclinic 
prisms, which eflaoresce at 20® in diy air. Large quantities of the acid, 
introduced into the system, are poisonous. It is soluble in 9 parts 
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of water at ordinary temperatures, and fairly easily in alcohol, and 
with difficulty in ether (C. 1897, I. 539). Anhydrous oxahc acid 
crystallizes from concentrated sulphunc and nitnc acid (B. 27 , R. 80), 
and can be employed as a means of bringing about condensation, 
on account of its power of abstractmg the elements of water from the 
substance to be condensed (B. 17 , 1078). When carefully heated to 
150® the anhydrous acid sublimes undecomposed, (i) Rapidly heated 
it decomposes into forimc acid and carbon dioxide, and also into CO2, 
CO and water : 

C,H, 04 =CH, 0 ,+C 0 , , C,H, 04 =C 0 a+C 0 +H ,0 

(2) An aqueous oxalic acid solution under the influence of light and an 
decomposes into CO, H ,0 and m the presence of sufficient oxygen H, 0 , (B 
27 . R 496) 

(3) Oxalic acid decomposes into carbonate and hydrogen by fusion 
with alkalis or soda lime : 

C804K,+2K0H=2KaC0,-fH, 

(4) Heated with concentrated sulphuric acid it )aelds carbon 
monoxide, dioxide and Abater 

(5) Nascent hydiogen converts it first into glyoxylhc acid (p 400) 
and tlicn into glycolhc acid (p 362) 

(6) Concentiated mine acid slowly oxidizes oxalic acid to CO2 and 
water However, potassium permanganate in acid solution rapidly 
oxidizes it, a reaction which is used in volumetiic analysis 

Pcrsulphates in acid solution and in piescnct of silver salts oxidize 
oxalic acid veiy energetic illv This reaction constitutes a quantitative 
method loi dctei mining the acti\e oxygen of pei sulphates (B 38 , 3963) 

A solution of m<.rcuiic chloride and ammonium oxalate rapidly 
decomposes, m the light and in absence of oxygen, mto carbon dioxide 
and calomel (B 38 , 2602) 

(7) PCI5 changes oxalic acid into POCI3, CO2, CO, and 2HCI. 
It has also been possible to leplacc 2CI by O in certain orginic di- 
chlorides by using anhydious oxalic acid (p. 272) SbCls, however, 
and oxalic acid yield the compound (COOSbCl4)2 (A. 239 , 285 , 263 , 
IT2 , B 35 , 1119). 

The oxalates, excepting tliohc with the alkali metals are almost insoluble in 
w dter 

Dt potassium Oxalate C204K,H-H,0 Mono potassium Oxalate C,04HR dis- 
solves with moic difficulty than the neutral salt and occurs in the juices of plants, 
such as Oxahs and Rumex Potassium Peroxalate, C3O4KH C,04H, 4-211,0 

Di ammonium Oxalate C,04(NH4),4^H,0 consists of shining rhombic 
prisms which occur in lap VO ein&dex.\.xohemthedralcfystals{Q 18 . 1394. C 1905, 
II 885) Calcium Oxalate C ,04Ca-j-H,0. is msoluble in acetic acid and serves 
for the detection of cilcium and of oxahc acid both of which arc determined 
quantitatively in this form. Ihe silver salt, C,04Ag, explodes when quickly 
heated 

Oxalic acid yields crystalline compounds with substances containing oxygen, 
such as cinnamic aldehyde cineol and dimethyl pyrone (Vol II ) (B 36 , 1211). 

'Inmercufic Acetic Acid H0Hg(Hg20)C COOH and Mercarbide HOHg* 
(Hg, 0 )C C(Hg, 0 )Hg 0 H (comp p Ii6) are derivatives of oxahc acid They 
are obtained when acetic acid or alcohol is heated with HgO in the presence 
of alkalis They consist of white powders of basic character Mercarbide is ^ 
very stable towards reagents but explodes violently when heated above 
(888,1328,86,3707.88,3654) , , , j . j * . 

Oxaltc Csters — ^The acid and neutral ester* of oxalic acid areJMliM 
VOL. I. 2 f” 
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simaltaneously when anhydrous oxalic acid is heated with alcohols. They are 
.^aratcd by distillation under reduced pressure {Anschutz, A. 254 , i) 

CO,C,H, 

Ozalle Mono-ethyl Ester, | , bp-n D,9ssi*2i75. Oxalic 

CO2H 

Propyl Ester, COj.CsH^.COjH, b.p.i, 118®, Preserved in sealed tubes, the 
alkyl oxalic acids decompose into anhydrous oxalic acid and the neutral 
esters. Distilled at the ordinary temperature, they break down mainly into 
oxalic ester, CO„ CO and H^O, and in part to COj and formic esters. 

Oxalic Methyl Ester, C204(CH,)j, m.p. 54*, b.p. 153®. 

Oxalle Ethyl Ester, b.p. 186*, is formed upon heating oxomalonic ester 
(a 27 , 1304). See p 427 for its conversion into carbonic ester. Oxalic ester, 
under the influence of sodium ethoxide, condenses with acetic ester to form 
oxalacctic ester, CO2C2TI5.CO.CH2.COJCJII5, and with acetone to acetone oxalic 
ester comp, (chelidomc aetd). Zinc and alkyl iodides convert the oxalic ester into 
dialkyl oxalic esters (p. 358). 

Oxalic ester unites w'ith hydroferrocyanic acid to form a well-crystallizing 
compound (COOC'aH5)2.H4Fc(CN), (B. 34 , 2692). With SbClj ethyl oxalate 
forms Cl4SbC2H40C0.C00C,H3(SbCl4)a (B. 35 , 1120). 

COOCH, 

Ethylene Oxalic Ester, | | , m.p. 143®, b.p.t 197® (B 27 , 2941). 

COOCH, 

Half-ortho-oxalle Aold Derivatives.— DicA/oro;ira/tc Esters: When PClg acts 
on the neutral oxalic esters, one of the doubly-linked oxygen atoms is replaced 
by 2CI atoms : 

COOCaH, CCljOCjH, 

I +PC 1 ,-=| -fPOCl,. 

COOCjIIg COOCaH, 

These products are called dichloroxalic esters (B. 28 , 61, note). When 
fractionated under greatly reduced prc.ssure, they can be separated front unaltered 
oxalic ester. Distilled at the ordinary pressure, these esters decompose into 
alkyl chlorides and alkyl oxalic acid chlorides (see below). 

Dichloroxalic Dimethyl Ester, CC\^(OCV^).QOJ^ll^, b.p.12 72®. Dao=i'359r. 

Dichloroxalic Diethyl Ester, b.p.^o 85®. Dichloroxalic Di-n- Propyl Ester, b.p.,Q 107®. 

Ethyl Dichloroxalic Chloride, COCl.CCla.OCaHg, b.p. 140°, results from tri- 
chlorovinyl ethyl ether, CClai CClOCallg, by absorption of oxygen (A. 308 , 324). 

Half-ortho-oxalic Esters are produced by the interaction of dichloroxalic 
esters with sodium alcoholates in ether : 

C 0 *C,Hg.CCla 0 CaHg-f 2 CaHg 0 Na=C 02 CaH 5 .C( 0 C,Hg) 34 - 2 NaCl. 

Tetramethyl Oxalic Ester, C(OCIi,)g.COOCH j, b.p.j, 7^®; D = i -1312. Tetraethyl 
Oxalic Ester, b.p.jj 98® (A. 254 , 31). 

The anhydride of oxalic acid is not known. In attempting to prepare it 
CO a and C(5 are produced. However, the chlorides of the alkyl oxalic acids, 
and probably oxalyl chloride, are known. 

Chlorides of Alkyl Oxalic Acid are obtained by the action of POClj on potas- 
sium alkyl oxalates, and of SOCl, on alkyl oxalic acids (B. 37 , 3678). It is 
most practically prepared by boiling dichloroxalic esters under the ordinary 
pressure until the evolution of the alkyl chloride ceases (A. 254 , 26). They 
show the reactions of an acid chloride (p. 269). With benzene hydrocarbons 
and AlgClg they yield phenyl glyoxylic esters and their homologues (B. 14 , 
1689 ; 29 , R. 511. 54 ^ : C. 1897, I. 407). 

Methyl Oxalic Chloride, COCl.CO^CYi^, b.p. 119®; Daa=*i*33i6. Ethyl Oxalic 
Chloride, COCl.COaCaH g, b.p. 135®; D«ii‘2223. n-Propyl Oxalic Chloride, b.p. 
153®. Isobutyl Oxafic Chloride, b.p. 164®. Amyl Oxalic Chloride, b.p. 184®. These 
are liquids with a penetrating odour. Oxalic Mono-ethyl Ester Anhydride, 
(CaHgOCO.CO)aO, b.p.j^o ^ 35 *** is prepared by heating ethyl oxalic chloride and 
sodium acetate together, and fractionating the product of reaction (C. 1900, 11 . X74). 

Oxalyl Chloride, CgOaCla (?), b.p. 70®. It has not been obtain^ tree from 
POClg. It is said to be formed when three molecules of phosphorus penta- 
chloride act on (COOC|Hf)a (B. 25 , R. xzo). 



AMIDES OF OXALIC ACID 


483 


AMIDES OF OXALIC ACID 


Oxalic acid yields two amides : oxamtc acid, corresponding with the 
mono-ethyl oxalic ester, and corresponding with oxahc diethyl 

ester. Oxmtde can be mcluded with these : 


COOCjH, CO NH, 

COOH (iooH 

Ethyl Oxalic Oxamic OxaUc Oxamide, Oxunidc. 

Acid. Acid Ester 

Oxamie Acld» decomposition Its ammonium 

bdlt {B a lard, 1842) is produced (i) by heating ammonium hydrogen oxalate . 
(2) from oxamide . (and (3) by boilmg oxamic acid esters with ammonia (B. 19 , 
3229 , 22 , 1 5O9) Hydrochloiic acid precipitates oxamic acid from its ammonium 
salt as a diiiicultly soluble ciystallme powder 

Its esUrs result from the action of alcoholic or dry ammoma on the esters 
of oxalic acid . • 

Lthyl Oxamtc Ester, Oxamethane, CONH, COOCjHg, m.p. 114® (Boullay 
and Dumas, 1828) J.he behaviour of oxamethane towards PCI, is important 
theoretically, because at first it yields ethyl oxamino-chlorxde , oxamethane Monde, 
a derivative of half-ortlio-oxalic acid (comp Dichloroxalic Ester, p 482). This 
splits off a molecule of HCl and becomes ethyl oximido chloride, and bv the loss 
of a second molecule of HCl passes into cyanocarbontc ester (p. 484) (Wallach, 
A 184 , 1 ) : 


COOC,H, 

COOC.H. 


CONH, 

CONH. 


COv 

1 >NH(?). 


CO 


COOC,H, 

COjSiHs 

Oxamethaftie 


PCI, COOCjH, 

C( laNH, 
Ethyl Oximino 
chloride 


-na^ COOC,H, -hq, C 00 C,H, 

CCl-NH N 

Ethyl Otii lido Cyanocarbontc 

chloride Ester. 


Oxamtnt Trimcthyl Ortho-I %ter, CONH, C(0CH3),, mp 115®, is formed on 
heating half ortho-oxalic methyl ester with anhydrous methyl alcoholic ammonia. 

Methyl Oxamtc Acid, CONH(C H,) CO,H, m p ia6° 

Ethyl Oxamtc Acid, CONH(C,H,)CO,H, m p 120° 

Diethyl Oxamtc Acid, Diethyl Oxamethane, CON(C,H5),CO,H, bp 254®, is 
pioduced by the action of diethylamme on oxalic esters. It regenerates 
diethylamme on being distilled with potassium hydroxide. A method for separat- 
ing the amines (p. 161) is based on this behaviour. 

Oxanihc Acid (see Vol. II ) 

COv 

Oxahmtde, | ^NH (?), is obtamed from oxamic acid by the aid of PCI, or 
PC 1,0 (B 19 , 3229) The molecule is probably a double one 


Oxamide, C202(NH2)2, sepaiates as a white, crystalline powder, 
when neutral oxalic ester is shaken with aqueous ammonia (1817, 
BauJiof). It is insoluble in water and alcohol. It is also formed on 
heating ammonium oxalate (1830, Dumas ; 1834, Ltebtg ) ; and when 
water and a trace of aldehyde act on cyanogen, C2N2; or by the 
direct union of hydrocyanic acid and hydrogen peroxide : 

2HNC+H202=C202N2H4. 

Oxamide is partiallysublimedwhenheated,thegreaterpart, however, 
being decomposed. \^en heated to 200® with water, it is converted 
into ammonium oxalate. P2O5 converts it into dicyanogen , concen- 
trated sulphuric acid, into ammonium sulphate, CO2 and CO (B. 89 , 57). 

Alkyl oxamtdes aie produced by the action of the primary amines 
on the oxalyl esters. 
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syra.-Dimeihyl Oxamide, (CONHCHj),, m.p. 210*. 

•' Bym.-Diethyl Oxamide, m.p. 179“. 

Tetramethyl Oxamide, [CON(CH3)2lj, m.p. 80®, is obtained from dimethyl 
urea chloride by the action of sodium (B. 28 ^ R. 234), 

Oxanilide (Vol. II.). 

PCI3 converts these alkyl jxamides into amide chlorides, which lose 3HCI 
and pass into glyoxalive derivatives (Wallach, A. 184 , 33 ; Japp, B. 15 , 2420) : 
thus diethyl oxamide yields chloroxalomcthyline, and diethyl oximide yields chloroxah 
ethyline : 


CONHCHs 

CONIICH, 

Dimethyl 

Oxamide. 


aPCl. CCI2NHCH, 

— I 

CCI.NHCH. 

Dimethyl 

Oxamide 

Tetrachloride. 


-aHCl CCllNCHg -HCl 

^ I > 

CClrNCHa 

Dimethyl 

Oximide 

Dichloride. 


CH— N(CH,k 

H 

CCl— 

Chloroxalmethylin. 


Oxamidoacetic Acid, Amidoxolyl Glycocoll, NHjCO.CONH.CHjCOgH, m.p. 
224-228® with d(Tompo«?ition, and Oxalvl Diglycocoll, Oxamidodiacetic Acid, 
COjHCHa.NHCOt'ONH.CHgCOgH, are formed from oxamethane and oxalic 
ester and f;lvcocoll respectively (B. 30 , 580). 

NO 

Diethyl Dimtro-oxamide, q >N.('O.CO.N<Cq , m.p. 35®, is decomposed 

by dilute sulphuric acid to form ethyl n^hamine (C. 1898, I. 373). 

Hydrazides and Hydroxyamides of Oxalic Acid, Semt-oxamazide, Oxaminic 
Hydrazide, NHgCOCONH.NIIj, m.p. 220° with decomposition, is pn pared 
from oxamethane and hydrazine. Similarly to scmicarbazidc, it gives condensa- 
tion products with aldi'hvdes and ketone.s (B. 30, 585). 

Oxalic Hydrazide, NHa.NIJCOCO.NHNUj, decomposes at about 235®, and 
turns brown. It is formed when hydrazine hydrate acts on oxalic < stcr. It 
unites with acctoacetic ester I0 form bis-acetoacetic ester oxalhydrazone, 
(C.H.oOg) : NNHCOCON 1 IN:(C,H,o 02 ) (B. 40, 711 ). 

The reaction products of diazoarctic acid (p. 405) can be looked- on as being 
cyclic hydrazine derivatives of oxalic acid ; they yield hydra /me and oxalic 
acids when hydrolyzed. 

Hydroxyl Ox arnide, NHgCOCONH.OH, m.p. 159®, is formed from oxamethane 
and hydroxylamine. 

Acetoxyl Oxamide, NHgrOCONll orocilj, m.p. 173°, when heated with 
acetic anhydride to no® is decoin]iosed into cyanuric at id (p 463) and arctic 
acid (A. 288 , 314; comp. C. 1901. II. 210/402). AmtdoAime Oxalic Acid, 
HOOC.C(NOH)NHg (A. 321 , 357 ). 


NITRILES OF OXALIC ACID 


Two nitriles correspond with each dicarboxylic acid : a nitrilic acid, 
or a half-Tiitrile, and a dinitrile. The nitrilic acid of oxalic acid is 
cyanocarhonic, cyanoformic, or oxalonitrilic acid, and it is only known 
in its esters. Dicyanogon is the dinitrile of oxalic acid. The connec- 
tion between these nitriks and oxalic acid is shown by their formation 
from the oxamic esters and oxamide through the elimination of water, 
and their conversion into oxalic acid by the absorption of water and 
the loss of ammonia : 


COOCjHg »• -HgO ^ COOCjH* 

CONHj f'N 

Oxamethane. Cyanoi arbonie Ethyl Ester. 


CONH, -aH,0 CN 

I ^ I 

CONH, CN 

Oxamide. Dicyanocttn. 


Cyanooarbonie Esters, Cyanoformic Esters, Nitrilo-oxalic Esters, are produced 
during the distillation of oxamic c-sters with PjOg or PCI (p. 483), as well as 
from cyanimidocarbonic ether. Cyanocarhonic Methyl Ester, CN.CO*CH,, 
b.p 100®. Cyanocarhonic Ethyl Ester, b.p. ii5*. These are liquids with a 
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penetrating odour. They are insoluble in water, which slowly decomposes 
them into CO,, hydrocyanic acid, and alcohols. Zinc and hydrochloric acid 
convert them into gly cocoll (p. 385). Concentrated hydrochloric acid breaks 
them down into oxalic acid, ammonium chloride, and alcohols. Bromine or 
gaseous HCl at 100® converts the ethyl ester into the polymeric cyanuric tri- 
carboxylic esters (p. 465). 

Cyanimidocarbomo Acid Ethers, Oxalic Nitrile Imido Ether, CN.C( : NH)OCflH5, 
b.p.,0 50°, IS prepared from cyanogen chloride or bromide and water, alcohol, 
and potassium cyanide ; also from potassium cyanide, water, and ethyl hypo- 
chlorite (p. 1 41), when the followmg intermediate compounds must be assumed : 

KNiCOCaH, knc KNrC.OC.Hj HjO HN:COC,Hg 

KN;CH-C,H,OCl > | | > | 

Cl C 1 C:NK CN 

This reaction points to K N:C being the formula for potassium cyanide, 
since it is hard to represent it with the formula KCN (A. 287 , 273) Cyanimido- 
carbonic acid ether forms a yellow, sweet oil, possessing, at the same time, a 
pungent odour. Concentrated hydrochloric acid converts it into ammonium 
chloride and cyanocarbonic acid ester. 

Chloreihyl {tmdofortnyl Cyanide, Oxalic Nitrile Ethyl Imidochloride, 
5 CN.'C( : NCjHbICI, bp. 126®, is prepared from cyanogen chloride and ethyl 
isocyanide (A. 287 , 302). 

Cyanorthqformic Ester, Triethoxy acetonitrile. Ortho- oxalonitrilic Ethyl Ester, 
CN.C(0C2H6)3, b p. 160® (A 229 , 178). , 

Trinitro-acetomtrile, CNC(N02)j, m p. 4i'5®, explodes ttt 220® (see fulminuric 
acid, p. 250) 

Dicyanogen, Oxaloniinlc, [Ethane Dinitrilc], CN.CN, b.p. —21°, 
D=0'866 (liquid), is present in small quantity in the gases of the blast 
furnace. -It was obtained in 1815 by Gay-Lussac by the ignition of 
mercury cyanide. The ciiange proceeds more readily by the addition 
of mercuiic chloride : 

llg(CN)i=C,N3-fHg Hg(CN),+HgCl,-C 3 N 34 -Hg,Cl,. 

Silver and gol I cyanides behave similarly. Dicyanogen is most readily 
prepared tioin potassium cyanide, by adding giadually a concentrated aqueous 
solution of 1 pait KNC to 2 parts cupric sulphate in 4 parts o£ water, and then 
h^Mting. A1 fust a yellow precipitate of copper cyanide, Cu(CN)2, is produced, 
but it immediately breaks up into cyanogen gas and cuprous cyanide, CuCN 
(B. 18 , a. 321) : 

2 CuS 04 + 4 KNC=Cua(CN)a+(CN )34 2K2S04. 

Its preparation by heating ammonium oxalate, and from oxamide 
and P2O6, IS of theoretical interest. 

Properties and Reactions, — Cyanogen is a colourless, peculiar- 
smelling, poisonous gas. It may be condensed to a mobile liquid at a 
temperature of —25*^, or by a pressure of five atmospheres at ordinary 
temperatures ; at —34® it forms a crystalline mass. It bums with a 
bluish, purple-mantled, flame. Water dissolves 4 volumes and alcohol 
23 volumes of the gas. 

• 

On standing the solutions become dark and break down into ammonium 
oxalate and formate, hydrogen cyanide and urea, and at the same time a brown 
body, the so-called eueulmic acid, C4H4N5O, separates. With aqueous potassium 
hydroxide cyanogen yields potassium cyanide and isocyanate. In these reactions 
the molecule bseaks down, and if a slight quantity of aldehyde be present in 
the aqueous solution, only oxamide results. Oxalic acid is produced in the 
presence of mineral acids, C,N,+4H*0-=C,04H,H-2NH,. When heated with 
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concentrated hydriodic acid it is converted into glycocoll (p- 385). Cyanogen 
unites with acetyl acetone (p. 350), with sodium acetoacetic ester (p. 418), and 
with sodium malonic ester (p. 4S8). 

Paracyanogen. — On heating mercuric cyanide there remains a dark substance, 
paracyanogen, a polymeric modification, (C,Ng)M. Strong ignition converts it 
again into cyanogen. It yields potassium cyanate with potassium hydroxide. 

Thloamides of Oxalic Acid. Rubeanic Acid, Dithio-oxamide, CSNHg-CSNH,, 
and Flaveanic Acid, Cyanothioformamtde, CS.NHg.CN, m.p. 87-80®, with de- 
composition, are formed when II gS and cyanogen interact. Tliey can be separated 
by means of chloroform, in which rubeanic acid is soluble with difficulty, 
and which deposits the flaveanic acid in the form of yellow, transparent, 
flat needles (A. 254 , 262). Rubeanic acid forms yellowish-red crystals. Primary 
bases cause the replacement of the amido-groups by alkyl amido-groups (A. 262 , 
354). Aldehydes unite with rubeanic acid, with elimination of water (B. 24 , 
1017). Chrysean, C4H5N8Sa, is prepared from KNC and HyS, or thioformamide, 

CH--Sv 

HCSNHg, and probably possesses the formula || ^C.CSNHg (B. 36 , 

HgNC 

3546). Thio-oxalic Acid, HSCO.COSH (C. 1903, I. 816). 

Diamldo-oxalic Ethers result from the action of s^monia on dichloroxalic 
esters, but have not yet been obtained in a pure condition. Aniline and dichlor- 
oxalic ether in cold ethereal solution, yield Dianilido-oxalic Ether, COgCgHjC- 
(NHC8H5 )jOC2Hj, a thick liquid, .soluble in ether. At o® hydrochloiic acid 
precipitates from this ethereal solution the hydrochloride, C02C'jIl5C(NllC8H5- 
HC 1 ) 20 C 2 Hb. IViixed diamido-cthers can be obtained by allowing anhydrous 
ammonia gas to act on a cooled, ethereal solution of monophenylimidu-oxalic 
acid dimethyl ether. In this wav Amino-anilido-oxalic Methyl Ester, 
C02CH3.C(NH2)(NHC,HB)0CHa. is obtained, m.p. 215®. 

Imido-oxalie Ethers: Mono-tmido-oxalic Ether, C02C2ll5.C( : NI1)OC2 Hb, 
b.p.^, 73®, results from the action of a calculated amount of ^-hydrochloric 
acid on di-imido-oxalic acid (A. 288 , 289). Phenylimido-oxalic Methyl Ether, 
C02CH8.C(=N.CeH6)0CH8. 

Di-imido-oxalic Ether, C2HbO.(NH)C — C(NH).OC2Hb, m.p. 25°, b.p. 170®. 
Its hydrochloride is obtained on conducting HCl into an alcoholic solution of 
cyanogen (B. 11 , 1418) (comp. p. 281). 

Oxalamidine, NlIa(NH)C — ('(NUlNHg, results from the action of alcoholic 
ammonia on the hvdrochloride of oxirnido-ether (B. 16 , ibSS)- 

HNiC.NlINHa 

Carhohydraztdine, Oxalodi-imide Dthydrazide, | , forms white, 

NHiC.NUNHg 

flat needles, which assume a reddish-brown colour on heating and do not melt 
at 250®. It results from the union of cyanogen with hydrazine. Dihenzal 
Carhohydraztdine, m.p. 218® (J. pr. ('h. [2] 60 , 253). 

Oxalodthydroxamic Acid, [C : (NOHlOHJj, m.p. 165®, results from oxalic ester 
and hydroxylamine (B. 27 , 709, 1105). 

Oxalodiamidoxime, [C(N.OH)NIl2]2» m.p. 196®, with decomposition. It is 
formed when NHaOH acts (i) on cyanogen (B. 22 , 1931), (2) on cyananiline 
(B. 24 , 801), (3) on hydroru beanie acid (B. 22 , 2306); dihenzoyl derivative, 
m.p. 222® (B. 27 , R. 736). 

Chloroximido-acetic Ester, Ethoxalo-oxime Chloride, C02C2Hb.C( : NOH)Cl, 
m.p. 80®, is obtained from chloracetoacctic ester by means of fuming nitric acid ; 
and when concentrated hydrochloric acid acts on nitrolacetic ester (B. 28 , 
1217 ; 89 , 784). Similarly, chloracetoacctic ester and diazobenzene chloride yield 
chlorophenylhydrazido-acetic ester, oxalic ester, phenylhydrazido-chloride, COaR.C- 
(:NNHC,Hb)C 1 (C. 1902, 11 . 187). 

Nitrolacetic Ester, Ethoxalonitrolic Acid, C02C2H5.C(:N0H).N0,, m.p. 69®, 
is prepared from isonitroso-acctoacetic ester and nitric acid of sp.gr. 1*2 (B. 
28 , 1217). 

FormoMyl Carboxylic Acid, CO 3H .C<^^ ^ , m.p. 162®, when rapidly 

heated, is produced when its ester is saponified. The ester results from the 
action of diazobenzene chloride (i) on the hydrazone of mesoxalic ester, 
(2) on sodium malonic ester, and (3) on acetoacetic ester, whilst oxalic acid 
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breaks down into formic acid and CO,, formazyl carboxylic acid decomposes into 
formazyl hydride (p, 244) and CO, (B. 25 , 3175, 3201). 

. Ureides of Oxalic Acid, Parabanic acid, and Oxaduric acid will be considered 
' together with the derivatives of uric acid 


THE MALONIC ACID GROUP 

Malonic Acid [Propane Diacid], CH2(C02H)2, m.p. 132®, occun. 
as its calcium salt in sugar-beets, (i) The acid was discovered in 1858, 
by Dessaignes, on oxidizing malic acid, C02H.CH(0H).CH2C02H, 
with potassium bichromate (hence the name, from malum, apple), and ' 
quercitol with potassium permanganate (B. 29, 1764). It is also 
produced (2) in the oxidation of hydracrylic acid, and (3) of propylene 
and cdlylene by means of KMn04. (4) Kolhe and Hugo Muller obtained 
it almost simultaneously (1864) conversion of chloracetic acid 

into cyanacetic acid, the nitrile acid of malonic acid, and then saponi- 
fying the latter with potassium hydroxide. (5) By the decomposition 
of barbituric acid or its malonyl urea (q.v,), (6) Malonic ester and 

CO are formed in the distillation of oxalacctic ester {q.v.) under the 
ordinary pressure (B. 27, 795). 

Preparation. — One hundred grams of chloracetic acid, dissolved in 200 grams 
of water, are neutralized with sodium carbonate (no grams), and to this 75 
grams of pure, powdered potassium cyanide are added, and the whole carefully 
heated, after solution, upon a water-bath. The cyanide produced is hydrolyzed 
either by coiiccntrated hydrochloric acid or potassium hydroxide (B. 13 , 1358 ; 
A. 204 , 225*; C. 1897, I. 282). To obtain the malonic ester directly, the cyanide 
solution is evaporated, the residue covered with absolute alcohol, and HCl gas 
led into it (A. 218 , 131), or it is treated with sulphuric acid and alcohol (C. 1897, 

1. 282). 

Properties. — Malonic acid crystallizes in triclinic plates. It is 
easily soluble in water and alcohol. Above its melting point it de- 
composes into acetic acid and carbon dioxide. Bromine in aqueous 
solution converts it into tribromacetic acid and CO2, whilst iodic acid 
changes it to di- and tri-iodoacetic acid (p. 489) and CO2. 

Salts. — Barium salt, (C3H204)Ba+2H20 : calcium salt, C3H204Ca- 
+2H2O, dissolves with difficulty in cold water : silver salt, 
is a white, crystalline compound. 

Ester. Malonic Mono-ethyl Ester, b.p.„ 147°, is decomposed at higher 
temperatures into CO,, acetic ester, acetic acid, and diethyl malonate : potas- 
sium salt is prepared from the neutral ester and one molecule of alcoholic potas- 
sium hydroxide. Electrolysis of this produces succinic ethylene ester (pp. 478, 
492) (comp. C. 1900, II. 1 71 ; 1905, II. 30, where also are found ester-acids of 
alkyl malonic acid). 

The neutral malonic esters are made by treating potassium cyan- 
acetate or malonic acid with alcohols and hydrochloric acid. These 
compounds are of the first importance in the synthesis of the poly- 
carboxylic acids, because of the replaceability of the hydrogen atoms 
of the CH 2-group by sodium. ^ 

History. — ^This property was first observed in 1874 by van*t Hoff, Sr. (B. 

possibility of obtaining the malonic acid homologues, by megllB 
of it, was indicated. The comprehensive, exhaustive experiments begun in 
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1^79 by Conrad first demonstrated that malonic esters were almost as valuable 
as the acetoacetic esters in carrying out certain synthetic reactions (pp. 412, 415) 
(A. 204, T2T). 

The methyl ester, CH2(C02Cna)2, b.p. iSi° ; ethyl ester, b.p. 198® ; D,g i*o68. 
By the action of sodium cthoxule on it the Na-compounds, CHNa(C02C2H5)2 
(p. 490) and CNa2(COaC2HB)2 (?). result. The malonic esters possess the character^ 
istics of weak acids (B. 17, 2785; 24, 2889; 32, 1876; 36, 2O8). Alumimum 
Malonic Ester, Al[CH(C02C'allB)ls, m.p. 95°, is formed by the action of aluminium 
amalgam on malonic ester (C. i9^0i I- 12). 

Reactions of Malonic Ester and its Salts . — Iodine converts both sodium 
malonic esters into ethane and ethylene tetracarboxylic esters (q.v.). Sodium 
malonic ester, when elecliolyzed, yields ethane tetracarboxylic ester (B. 28, 
R. 450). Alkyl halides convert the sodium malonic esters into esters of malonic 
acid homologucs (B. 28, 2616). When sodium acts on malonic ester at 70-90®, 
alcohol is given ofi, and there is formed the di-sodium compound of acetone 
tricarboxylic ester. This substance acted on by sodium malonic ester at 145®, loses 
two molecules of alcohol, whereby tri-sodium phloroglucinol carboxylic ester is 
formed (Vol. II.) (B. 32. 1272) : 

C02C2HBCHNa.CNa(C0,C2H6)2+CHNa{C02C2H5), 

=0202^^3(00202115)3 “i“2C2HjOH. 

Malonic ester condenses with aldehydes under the influence of acetic anhy- 
dride, hydrochloric acid, sodium ethoxidc, or small quantities of ammonia 
diethylamine and piperidine. In the last case an intermediate product is formed 
— alkylidene piperidine, which is convex ted by malonic ester into alkylidene bis- 
malonic ester (B. 31, 2585). 

The free malonic acid also condenses with aldehydes and with some ketones, 
when heated with acetic acid, acetic anhydride, or pyridine ; water and CO* are 
split otf and unsaturated carboxylic acids are formed (pp. 290, 305). 

ajS-olcfme aldehydes, a/3-oleline ketones, and ajo-olcfine carboxylic esters 
unite with sodium malonic ester, a synthesis in which the NaC(C02R)2 residue 
joins w'ith the j3-carbon atom, and the H-atom with the a-carbon atom. The 
aldehyde groups of the oleline aldehydes un»ler these conditions unite also with 
two molecules of malonic ester (comp. A. 330, 323). 

Cyanogen combines with malonic ester in presence of a little sodium ethoxidc 
to form cyanimido-di-isosuccinic ester, NC.C(NH)CH(C02C2Hb) 2, and di-imido- 
oxalyl dimalomc ester, (C2Hb0C0)2C11C'(NH).C(NH)CH(C02C 2114)2. 

Diazobenzene chloride and malonic ester yield mesoxalic ester phenylhydrazone 
(?•»•)• 

f'O 

Malonic Anhydride, CH2<C^q^*0, is not known (comp. p. 476). 

Carbon S\k\iOx\dtyDioxoalleyie,Ca}hon Dicarbonyl, C2O2. m.p. —108®, b.p. +7®, 
D°o = I • 1 1 3 7, is produced when malonic ester, or, better, malonic acid, is heated with 
P2O5 (O. Diels, B. 41, 82): It may be looked on as being a double malonic anhy- 
dride. In behaviour it resembles most nearly the ketencs (pp. 474, 475), and 
is therefore to be looked on as carbon dicarbonyl or dioxoallene: CO=C=CO; 

it may also be considered as being p-hydroxypropiolic lactone, (B. 41, 

925). Carbon suboxide polymerizes at ordinary temperatures to a dark-red solid 
mass. Water regenerates malonic acid ; ammonia and aniline produce malon- 
amide and maloanilide. Jlydrochloiic acid forms maionyl chloride; bromine 
produces dibromomalonyl bromide which reforms carbon suboxide by the action 
of zinc in ether (B. 41 , 906) : 

-aH20 4Br 

CH,(COOH), 7~^~~l TCO==C=iCO: CO»C=CO , ' > BrCOCBr,COBr. 

+ 3H2O aZn 

Chlorides of Malonic Aeid. 

Maionyl Chloride Monoethyl Ester, COJC2H5.CH2COCI, b.p.j, 69®, is prepared 
from ethyl potassium malonate and PClg ; or malonic ester and SOCI2 (B. 25, 
1504 ; C. 1905. II- 30 I 2l1so for homologous chloride esters). 

Malo tty I Chloride, CHg(COCl;2, b.p.,, 58°, is formed by the^ action of SOCl, 
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Oil malonic acid, together with the monochloride, HOCOCHaCOCl, m.p. 65^, 
with decomposition (B. 41 , 2208). 

Malonamide Monoethyl Ester, COaCsH5.CHtCONH4, m.p. 50®, is formed when 
malonic ester imido-ether hydrochloride (see below) is heated ; also from malonyl 
chloride mono-ester and ammonia (B. 28 , 479 ; C. 1905. 30 )« 

Malonamide, CH ^(CONHj)^, m.p.i 70®. Malonic Hydroxide, CH3(CONH.NHa)f, 
m.p. 154®, reacts with aldehydes and ketones with loss of water (B. 89 , 3372 ; 
41 , 641). 

Nitriles of Malonic Acid: Cynacetic Acid, Nttrilomalonic Acid, half nitrile of 
malonic acid, CN.CHj.CO2H (p. 4K7), m.p. 70® (B. 27 , R. 262), dissolves very 
readily in water, and at about 165® breaks down into CO* and acetonitrile (p. 
280). Cyanacetic Ethyl Ester, CN^CHj.COjCjHj, b.p. 207® (for preparation, see 
C. 1905, I. T50), forms sodium derivatives like malonic ester (C. T900, II. 38), 
by means of which the hydrogen of the CHj-groups can be replaced by alkyls 
(B. 20 , R. 477) and acid radicals (B. 21 , R. 353). Cyanacetamide, CN.CHj.CONH j, 
is prepared from the ester and ammonia, m.p. 118®. Cyanacetyl Hydroxide, 
CNCHjCO.NHNHj. m.p. 114® (J. pr. Ch. [2] 51 , 186). 

Cyanacclic ester unites with alcohol and hydrochloric acid to form malonic 
ester imido-ether hydrochloride, C2ll50C0.CHjC(:NH.HCl)0CjH4, which, on 
digestion with alcohol, yields the half ortho-ester of acid malonic ester (comp. 
Ortho-ester, p. 284). iThe latter loses alcohol and passes into the acetal of car- 
homethane carboxylic ester, called Diethoxyacrylic Ester, (CjH, 0 )jC=sCH.COjCjHj, 
b.p.12 128®. This substance, when shaken with water, is converted into malonic 
ester ; bromine produces an oily dibromide, and with an increased quantity, 
dibromo malonic ester (B. 40 , 3358). 

Malononitrile, Methylene Cyanide, CH2(CN)2, m.p. 30®, b.p. 218®, is obtained 
by distilling cyanacetamide with PjO^ (C. 1897, I. 32). It is soluble in water. 
Ammonia^al silver nitrate precipitates CAg,(CNj) from the aqueous solution 
(B. 19 , K. 485). Hydrazine and malononitrile yield Diamidopyraxole, 

C3N2H2(Nn3)2 (B. 27 , 690) (see also cyanoform). Methenylamidoxime Acetic 
Acid, Ny ,(HON) : C.CHjCOjH, m p. 144® (B. 27 , K. 2O1 ; A. 321 , 357 )- Nitrilo- 
malonimidoxime, Cyanethenylamidoxime, CN.CHaC(:NOIl)NH„ m.p. 124-127®. 
Malondihydroxamic Acid, CH2[C( : NOH)OH]2, m.p. 154° (B. 27 , 803). Malon- 
diamidoxime, CH2.[C( : N. 01 I)NHj]a, m.p. 163-167® (B. 29 , 1168). 

The ureides of malonic acid and cyanacettc acid will be treated later in con- 
nection with uric acid {q v ). 

Halogen- suhsiituted Malonic Acids are formed by the action of chlorine or 
sulphuryl chloride, bromine or iodine and iodic acid on malonic acid or its esters. 
Such malonic and alkyl malonic acids (see below) easily part with CO* and form 
a-halogen fatty ucids. some of w’hich are conveniently prepared in this way (B. 
35 , 1374 1813; 39 , 351). Monochloromalonic Acid,QiAC\{C 001 A)^\ ethyl ester, 
b.p. 222®. Monobromomalomo Acid, b.p. 113®, wiA decomposi- 

tion ; methyl ester, b.p. 215-225°. Dichloromalonxc Acid, CCl2(COOH)2 ; ethyl 
ester, b.p. 231-234® ; amide, m.p. 203®. Dibromomalonic Acid, CBr2(COOH)j, 
m.p. 147°, with decomposition ; dimethyl ester, m.p, 64°. Dibromomalonic 
Hitrile, m p. 65® (C. 1897. I. 32). Dibromomalony I Bromide, b.p.,j 92® (see p. 
488, c aibon Suboxide). Dibromomal on amide, m.p. 200.® Di-iodomalonic 
Acid, Cl2(COOH)2, is prepared from malonic acid, iodine, and iodic acid in formic 
acid. It IS extremely unstable ; methyl ester, m.p. 80”, can be obtained from 
dibromomalonic ester and KI. 

The mono- and di-halogen malonic acids serve as a connecting link between 
malonic acid and tarironic and mesoxaltc acids, Monohromo- and mono-iodocyanr 
acetic Esters, CN CHXCO2R, are obtained from sodium cyanacetic ester with 
bromine or iodine in the cold. At higher temperatures dicyanosuccinic ester and 
tricyano-trimcthylcne tiicarboxylic esters are formed (C. 1900, II. 38, 1202). 

Monothio -his -malonic ester, S[CH(COjR)j]j, Dithio- bis -malonic Ester, 
S,[CH(COaR)2]„ and tri-thio-his-malonic ester, S,LCH{CO,lg,]i, are formed from 
malonic ester and SjCl, (B. 36 , 3721)- 

Alkyl Malonic Acids, — The general methods suitable for tbS 
preparation of alkjd malonic acids are (i) reaction $a (p. 477)» COtt- 
version o£ a-halogen fatty acids into a-cyano-fatty acids — tm half 
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nitfUes of the malonic acid homologues ; and (2) reaction 6 (p. 478), 
the replacement of the hydrogen atoms of the CH2 group in the malonic 
esters by alkyls. First, with the aid of sodium ethoxide, or sodium in 
ether (J. pr. Ch. 72 , 537), monosodium malonic esters are made, which 
alkyl iodides convert into mono-alkyl malonic esters. These are 
further able to yield monosodium alkyl malonic esters, wliich alky- 
logens change to dialkyl malonic esters — e.g. : 


CO,C,H, CO,C,H, CO,C,H, CO,C,H, CO,C^, 


CH, 


CO,C,H, 
Malonic Ethyl 
Ester. 


CHNa — 

I 

CO.CjH, 

Sodium M ilonic 
E‘*ter. 


> CH.CH, - 
CO,C,H, 

Methyl Malonic 
Ester, 


CNaCH, - 

I 

CO,C,H, 

Sodium Methyl 
Malouic Ester. 


CO,C,H, 

Dimethyl 

MaIomic 

Ester. 


It has previously been mentioned under aceloacetic ester (p. 412) that the 
reaction consists 111 the addition of sodium ethoxide to the carboxethyl group, 
with the splitting-off of alcohol and the production of a double union, to which 
the alkylogen attached itself, followed by the elimination of a sodium halide 
(A. 280 , 264) : 




ICH. 


CHs 


ONa 




9 ^* o 


Alkyl malonic esters are also formed when alkyl oxalacetic esters lose CO. 

(B. 81 , 5.51). 

Some of tJiese dialkyl malonic acids are formed when complex carbon deriva- 
tives are oxidized — e.g. dimethyl malonic acid results from the oxidation ol 
unsym -dimethyl ethylene succinic acid, mesMonic acid, camphor, etc. The pro- 
duction of dimethyl malonic acid in this manner proves the presence, in these 
bodies, of the atomic grouping — 


CH 

CH 


»>C< 

s 


C= 

0 = 


All mono- and dialkyl malonic acids, when exposed to heat, lose CO2 
and pass into mono- (B. 27 , 1177) and dialkyl acetic acids (p. 476). 

Sec Z. phys. Ch. 8, 452, for the affinities of the alkyl malonic acids. Consult 
B. 29 , 1864; J, pr. Ch. [2] 72 , 537, upon the velocity of hvdiolysis of the 
alkyl malonic esters. 


Tsosaccinic Acid, Ethylidene Succinic Acid, Methyl Malonic Acid 
[Methyl-propane Di-acid], Cn3CH(C02H)2, m.p. 130® with decom- 
position, is isomeric with ordinary succinic acid or ethylene succinic 
acid (p. 491), and is obtained (i) from a-chloro- and a-bromo-propionic 
acids through the cyanide (B. 13 , 209), and (2) from sodium malonic 
ester and methyl iodide (A. 347, 93). 

When ethylidene bromide, CHg.CHBrg, is heated with potassium 
cyanide and alkalis^ the expected ethylidene succinic acid is not formed, 
but by molecular rearrangement, ordinary ethylene succinic acid 
results. 

The acid is more soluble than ordinary succinic acid in water. If heated above 
130®* it breaks up into carbon dioxide and propionic acid (p. 258) ; ethyl ester, 
b.p. 196® ; methyl ester, b.p. 179° ; diamide, m.p. 216®. 
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For the rules of formation of the diamides of homologous aUkyl and dindkyl- 
malonic acids, see B. 89 , 1596 ; C. 1905, II. 725 ; 1906, I. 1235, etc. 

a-Cyanopropionic Ester, CH,CH(CN)C02C,H5, b.p. 197-198®. 

Bromisosnccinic Acid, CH3CBr(C02H)2, m.p. 118-119® (B. 28 , R. 1x4). 

Methyl Bromomalontc Ester, b.p.,, 115-118® (B. 26 , 2356). 

Ethyl Malonic Acid, C2H,.CH(CO,H),, m.p. in *5®. The ethyl ester, b.p. 200® ; 
amide, m p. 216® ; Ethyl Bromomalonic Ester, b.p. 125® (B. 26 , 2357). 

Dimethyl Malonic Acid, (CH3)2C(C02H)a, m.p. 185® with decomposition 
(A. 247 , 105) ; ethyl ester, b.p. 195® ; amide, m.p. 2bi® ; nitrile, m.p. 32®, b.p.,, 
64® ; dichlonde, m.p. 165®. The latter, with aqueous pyridine, yields a poly- 
meric anhydride. [(CH,)aC(C0)20], (A. 359 , 169), which can also be formed by 
heating the monochlonde, HOCOC(CH,)2COCl, m.p. 65® with decomposition ; 
and also by prolonged heating of dimethyl ketene (p. 475) (B. 41 , 2212). 

In the case of the subjoined alkyl malonic acids, the boiling points of the 
ethyl esters (inclosed in parentheses) are given, togcl her with the melting points 
of the acids. 

Propyl Malonic Add, CH3CH,CHCH{CO,H)2, m.p. 96® (219-222®). 

Isopropyl Malonic Acid (CH2)2CH.CH(CO,H)2, m.p. 87® (213-214®). 

Methyl Ethyl Malonic Acid, CH3(C2H5)C(CO,H)2, m.p. 118® (207-208®). 

n.-Butyl Malonic Acid, CH3(CH2)3.CH(C02H)3, m.p. 101*5®. Isohutyl 
Malonic Acid, m.p. 107® (225®). sec.-Butyl Malonic Acid, 0113(0,11 5)CH.CH- 
( 00 , 1 1 )„ m.p. 76® (233-234®). Propyl Methyl Malonic Acid, OH, (OH,. OH, - 
CH2)C(C0,H)2, m.p. 107® (220-223®). Isopropyl Methyl Malonic Acid, m.p. 124® 
(221®). Diethyl Malonic Acid, m.p. 121® (A. 292 , 134) ; dimethyl ester, b.p. 205® ; 
chloride, b p. 197®, yields a polymeric anhydride, [(0,H5),0(CO)2O],„ when treated 
with pyridine and soda solution. Boiling in benzene partially de-polymerizes 
it, whilst when heated alone it is decomposed into diethyl ketene (p. 475) and OO, 
(A. 359 , 159 ; B. 41 , 2216) ; amide, m.p. 224® (B. 85 , 854 ; A. 859 , 174 ; 0 . 1906, 
I. 1237). Di-tthyl Malonic Acid Nitrile, m.p. 44®, b.p.,, 92®. Veronal is a urelde 
of this acid (see Barbituric acid). 

Pentyl Malonic Acid, CH8[CH,]3CH(OOgII)2, m.p. 82®. Dipropyl Malonic 
Acid, (Crt3CH2CH2),0(0OgH),, m.p. 158®. Cetyl Malonic Acid, 0H,[0H,]i5 
011(00211)2, m p. 122® (A. 204 , 130 ; 206 , 357 ; B. 24 , 2781). 

For alkyl and di-alkyl cyanacetic esters and amides, see also A. 340 , 310. 


THE ETHYLENE SUCCINIC ACID GROUP 

Ethylene succinic acid and its alkyl derivatives, as mentioned in 
the introduction, are characterized by the fact that when heated they 
break down into anhydrides and water. The anhydride formation 
takes place more readily in the alkyl succinic acids, the more hydrogen 
atoms of the ethylene residue of the succinic acid are replaced by 
alkyl radicals. 

The alkyl succinic acids form anhydrides more readily with acetyl 
chloride, and are more volatile in aqueous vapour than their isomeric 
alkyl n-glutaric acids (A. 285 , 212). The sym.-dialkyl succinic acids 
show remarkable isomeric phenomena, which will be more fully discussed 
under the symmetrical dimethyl succinic acids (p. 493). 

The followings serve to characterize a succinic acid : (i) the anhy- 
dride ; (2) the anilic acid, which appears in the chloroform, ethereal, 
or benzene solution of the anhydride ; (3) the anil, produced by 
healing the anilic acid, or by the action of phosphorus*pentachloride or 
acetyl chloride on it (A. 261, 145 ; 285 , 226 ; 309 , 316). 

The anhydrides of the succinic acids unite with alcohols to form 
acid esters, which are also formed by partial exterification of the acids, 
and by partial hydrolysis of the neutral esters. The production of 
unsymmetric^y substituted succinic acids is effected mainly by means 
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of^the two first methods ; the last is employed when preparing certain 
isomeric acid esters (comp. C. 1904, I. 1484 ; A. 364 , 117). 

Ordinary Succinic Acid, Ethvlcne Dicarboxylic Acid, CO2H.CH2- 
CH2.CO2H, m.p. 185®, b.p. 235“, with decomposition into water and 
succinic anliydride, is isomeric with methylmalonic acid, or isosuccinic 
acid (p. 490). It occurs in amber, in some varieties of lignite, in resins, 
in turpentine oils, and in animal fluids. It is formed in the oxidation 
of fats with nitric acid, in the fermentation of calcium malate or 
ammonium tartrate (A. 14 , 214), and in the alcoholic fermentation 
of sugar (p. 115). 

In the general metliods of formation (p. 476) ethylene succinic 
acid has been in part the example chosen. It is produced (i) by the 
oxidation of y-butyrolactonc and of succinic dialdehydc. 

(2) By the reduction of fumaric and maleic acids with nascent 
hydrogen. . 

(3) By reducing (a) malic acid (hydroxysuccinic acid) and tartaric 
acid (dihydroxysuccinic acid) with hydriodic aci'd, or by the fermen- 
tation of these bodies ; (b) by the action of sodium amalgam on 
halogen succinic acids. 

It is a nucleus-synthetic product obtained in small quantities 

(4) by the action of finely divided silver on bromacetic id. 

(5a) By converting jS-iodopropionic acid (p. 289) into the cyanide 
Md decomposing the latter witli alkalis or acids. (5/;) M. Simpson, 
in 1861, was the first to prepare it synthetically from ethylene, by 
converting the latter into the cyanide. Succinic acid is formed by 
boiling its dinitrile with potassium hydroxide or mineral acids : 

CHjOH CH, CHjBr CH,CN CH^CO^H 

I ^11 ^1 ^1 ->1 

CH, CHa ClloBr CflaCN CHaCOJi. 

Ethylidene chloride and potassium cyanide also yield cthylciu' cyanide (p. 499). 

(6) By the electrolysis of potassium ethyl malonic ester (p. 487) 
the ester is produced. 

(7) By the decomposition of acetosuccinic esters. (8) of ethane 
tricarboxylic acid, (9) of sym.-ethanc tetracarboxylic acid. 

Succinic acid crystallizes in monoclinic prisms or plates, and 
has a faintly acid, ^sagrecable taste. At the ordinary temperature 
it dissolves in 20 parts of water. 

Uranium salts decompose aqueous succinic acid in sunlight into 
propionic acid and CO2. The electric current decompose^ the potas- 
sium salt into ethylene, carbon dioxide, and potassium (p. 81). 

Par (iconic Acids, y-lactone carboxylic acids, are formed when sodium succinate 
is heated with aldehydes and acetic anhydride (Fittig, A. 255 , i). When succinic 
acid, zinc chloride, sodium acetate, and acetic anhydride are heated to 200®, 
small quantities of'-aa'-dimethyl jS-acctyl pyrrole (B. 27 , R. 405) are produced. 
When calcium succinate is distilled. />-diketo-hexamethyleiie (VoL II.) is 
produced in small quantities (B. 28 , 738). 

Succinates : calcium salt, C4H404Ca-f-3H,0. separates from a cold solu- 
tion. but when it is deposited from a hot liquid it contains only iHjO. When 
ammonium succinate is added to a solution contnining a ferric salt, all the iron 
is precipitated as reddish-brown basic ferric succinate (separation of iron from 
aluminium). 
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Esters, Potassium Ethyl Succinate when electrolyzed yields adipic ester (p. 505) 
Monomethyl Succinate, m.p. 58°, is prepared from the anhydride and alcohol 
(C. 1904, I. 1484). Dimethyl Succinate, COsCHj.CHj.CHarOjCHj, m.p. 19®; 
b.p.io 80®. Diethyl Succinate, b.p. 216®, Sodium converts it into succinyl 
ROCO.CH— CO-CH, 

succinic ester, | | {q.v.). Ethylene Succinate 

CH a— CO— CH.COOR 


Mono-alkyl Succinic Acids. Fyrotartaric Acid, Methyl Succinic 

CH..CH.CO2H 

icid, [ , m.p. 112®, was first obtained in (i) the dry 

CHa.COaH 

listillation of tartaric acid. It is produced (2) from pyroracemiQ 
» :id or its condensation product, kelo-valerolactone carboxylic acid, 
when heated with h5’drochloric acid (A. 317 , 22) : 


zCHjCOCOOH 


CHjC(COOH).Ov 

XO 

»• CQ/ 


CHi 


-CO, CHsCH^COOH 
+Hio CIIXOOH. 


The remaining methods of formation correspond with those for the 
production of succinic acid ; (3) by the reduction of it a-, citra-, 
and mcsa-conic acids (p. 515) ; {4) from jS-bromobutjn-ic acid and 
propylene bromide by means of potassium cyanide ; (5) from a- and 
j8-mclhyl acetosuccinic esters ; and (6) from a- and j8-methyl ethane 
tricarboxylic acids. The acid dissolves readily in water, alcohol, and 
ether. When quickly heated above 200° it decomposes into water and 
the anhydride. If, however, it be exposed for some time to a tem- 
perature of 200-210®, it splits into CO2 and butyric acid. It undergoes 
the same decomposition when in aqueous solution, if acted on by 
sunlight in presence of uranium salts (B. 24 , R. 310). Resolution into 
its optically aefive components is effected by strychnine (B. 29 , 1254). 
Dextro-rotatory pyrotartaric acid is also formed when menthone is 
oxidized. 


Potassium Salt, C^HgO^K, ; calcium salt, CjHgPgCa-f zHjO, dissolves with 
difficulty in wiiter ; methyl ester, b.p.,, 153® ; ethyl ester, b.p.,, 160® ; dimethyl 
ester, b.p. 197® ; diethyl ester, b.p. 218® (B. 26, 337 ; C. 1900, I. 169 ; 1904, I. 

1484)' 

Ethyl Succinic Acid, m.p. 98®- n-Propyl Succinic Acid, (A. 292, 137). /so- 
butyl Sucenne Acid, m.p. 107® (A. 304, 270). 

(CH,),CH.CHCO,H 

Pimelic Acid, Isopropyl Succinic Acid, | . m.p. 115®, was 

CII,CO,H 

first prepared by fusint; camphoric acid and tanaceto^en dic.irboxvlic acid (B. 25, 
3350) with potassium hydroxide. It mav be sjmthctically obtained from aceto- 
acctic or malonic esters (A. 292, 137 ; 293, 150), as well as from the products 
of the action of potassium cyanide on isocaprolactone at 280® (C. 1897, I. 408). 
sym.-Dialhyl Succime Acids, COgH.CHK' — CHR'.CO,H. “ 

Symmetrical dimethyl succinic acid exists, like the other symmetrical disub- 
stituted succinic acids — e.g. dibromosuccinic acid (p. 500), dicthvl-, methyl- 
ethyl-, di-isopropyl-, and diphenyl-succinic acids — in two different forms, having 
the same structural formulae. 9 

Dihydroxysuccinic acid or tartaric acid occurs in two active and two inactive 
forms (one can be resolved and the other cannot), which are satisfactorily explained 
by van *t Hoff’s theory of asymmetric carbon atoms (p. 30). The pairs of isomeric 
dialkyl succinic acids, also containing asymmetric carbon atoms, manifest certain 
analogies with paratartaric add (racemic acid), and anti- or meso-tartaric acid, 
Henro it is assumed that their isomerism is due to the same cause. The higher 
melting, more difficultly soluble modification is called the pani-loim, whilst the 
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, meso^ or anH-form is more readily soluble, and melts lower (Bischoff, B. 20, 2990 ; 
21, 2106). However, this assumption is doubtful, inasmuch as not one of the 
constantly inactive dialkyl succinic acids has ever been converted into an active 
variety (B. 22, 1812). Bischoff has set forth a theory of dynamical isomerism (B. 24, 
1074, T 085) in which he presents views in regard to the equilibrium positions of 
the atoms and radicals, joined to the two asymmetric carbon atoms, in the 
symmetrical dialkylic succinic acids. 

Isomeric pairs of the dialkyl succinic acids are formed (according to method 2, 
p. 477) by the reduction of dialkyl maleic anhydrides, such as pyrocinchonic 
anhydride (p. 518), by means of HI or sodiuin amalgam (B. 20, 2737 ; 23, 644) ; 
from a-monohalogen fatty acids by finely divided silver (method of formation 4) 
(B. 22, 60) ; from a-monohalogen fatty acids by the action of potassium cyanide 
(B. 21, 3160) ; from accto-dialkyl-succinic esters by elimination of the acetyl 
group (method 8) ; from sym.-dialkyl ethane polycarboxylic acids by heating 
them with hydrochloiic (method 9) (comp. p. 492). 

In all these reactions both dialkyl succinic acids are formed together, and 
may be separated by crystallization from water. 

sym.'Dimethyl Succtnic Acids, COjH.CH(CH,) — CH(CH3)C02H. 

The para-2iCid, m.p. 192-194®, is soluble in 96 parts of water at 14®. It 
forms needles and prisms, which lose some water upon melting. If the acid be 
heated for some time to 180-200®, it yields a mixture of the anhydrides of the 
para- and t7»/t-acid, C^HjOj, m.p. 38° and 87®. With water each reverts to its 
corresponding acid. When acetyl chloride acts on the para-'Ac'id, its anhydride, 
m.p, 3b®, is the only product. This crystallizes from ether in rhombic plates, and 
unites with water to form the pure /)«ya-acid (B. 20, 2741 ; 21, 3171 ; 22, 389 ; 
23. 641 ; 29, R. 420). 

If the para-2x\^ be heated to 130° with bromine, it yields pyrocinchonic 
anhydride, CgH^Os (p. 518). Both acids, when digested with bromine and phos- 
phorus, yield the same bromo-di methyl-succinic acid, C*H,BrO,, m.p. 91®. Zinc 
and hydrochloric acid change it to the anii-acid (B. 22, 60). The ethyl ester of 
the para-acid (from the silver salt) b.p. 219® ; methyl ester, b.p. 199®. 

The meso- or anti-acid, m.p. 120-123® (after repeated crystallizations from 
water) (analogous to antitartaric acid and maleic acid) dissolves in 33 parts of 
water at 14®. It crystalliz^'s in shining prisms. It yields its anhydride, C^HgOa, 
m.p. 87®, when heated to It regenerates the acid with water. If the 

anti-acid be heated with hydrochloric acid to 190®, it becomes the para-iscid. 
The methyl ester, b.p. 200® ; ethyl ester, b.p. 222®. When the anti-acid is esterified 
with HCl, it yields a mixture of the esters of the anti- and para-acid (B. 22, 389, 
646 ; 23, 639). The ethyl ester is also obtained when a-iodopropionic ester 
is .shaken with mercury in sunlight (C. 1902, I. 408). 

The monomethyl ester of the para-acid, m.p. 38®, and of the anti-acid, m.p. 49®, 
arc obtained by the action of methyl alcohol on theanhydride.s (C. 1004, I. 1484). 

sym.-Methyl Ethyl Succinic Acids, C0aH.CH(CHa).CH(CsH6)C02H. The^ara- 
acid, m.p. 179® ; ariti- or meso-acid, m.p. loi® (A. 298 , 147). 

sym.-Methyl Isopropyl Succinic Acids : The para-acid, m.p. 174® ; meso- 
acid, mp. 125° (B. 29, R. 422). 

sym.-Diethyl Succinic Acids. — ^The para-acid, m.p. 189-192® ; anti-acid, 
m.p. 129® (B. 20, R. 416 : 21, 2085, 2105 ; 22, 67 ; 23, 650). 

The para- and meso-forms of the sym.-di-n.-propyl succinic acid, di-isopropyl 
succinic acid, and propyl isopropyl succinic acid are prepared by the introduction 
of propyl or isopropyl groups into propyl or isopropyl cyanosuccinic ester 
followed by hydrolysis and decomposition of the condensation products. Di-iso- 
propyl succinic acid also results from bromisovaleric ester and silver (A. 292, 
162 ; C. T900, 1. 846, 1205). Other sym.-dialkyl succinic acids, see C. 1901, 1. 167. 

Unsymmetrleal Sueeinle Acids. 

\ms.-Dimethyl SiBfccinic Acid, C02H.CH*.C(CHa)*.CO*H, m.p. 140®, is synthe- 
sized from o-dimethyl ethane tricarlx>xylic ester by the action of boiling sulphuric 
acid. The ester is the reaction product of bromisobutyric ester and sodium 
malonic ester (C. 1898, I. 885). It can also be obtained from dimethyl cyan- 
cthanc dicarboxylic ester, the product of reaction of sodium cyanacetic acid 
and a-bromisobutyric ester ; from the acid nitrile, the product of the inter- 
action of potassium cyanide and /5-chloriso valeric acid (C. 1899, I. 182) ; also, 
from its nitrile (p. 499)* imide (p. 497) is obtained by oxidation of mesitylic 



SUCCINIC ANHYDRIDES 


495' 


acid. Esterificatioa of tins.-diniethyl succinic acid proceeds by jfirst attacking the 
carboxyl group attached to the CHa-group, producing wis.-Dtm$thyl Succinic a- 
Mono-ethyl Ester, COsH.C(CHt)a.CHsCOj|CgHg, m.p. 70**, b.p.^^ X50^ This sub* 
stance can also be obtain^ by the action of alcohol on dimethyl succinic anhy* 
dride. Partial hydrolysis of xais.-Dimethyl Succinic Diethyl Ester, b.p. 2x5^, pro- 
duces the liquid isomer dimethyl succinic p-mono-ethyl ester (I^ivate communica- 
tion of Anschute and Giittes), uns.^Dimethyl Succinic Monomethyl Ester, m.p. 42* 
and 51® (C. 1904, I. X485). 

Trimethyl Succinle Acid, CO,H.CH(CH3)-^(CH,),.CO,H, m p. i 5 i* (A. 292, 
X42), results on hydrolyzing the tricarboxylic ester (B. 24, 1923) produced in 
the action of bromisobutync ester on sodium methyl malonic ester, or sodium 
a-cyanopropionic ester, as well as in the oxidation of camphoric acid (B. 26, 
2337) f and by fusing camphoronic acid with potassium hydroxide (Vol. II. ; 
A. 802, 5X). The formation of trimethyl succmic anhydride from camphoronic 
acid by distillation is rather important in the recognition of the constitution of 
camphor (B. 26, 3047). Trimethyl succinic acid is resolved into its optically 
active components by means of the quinine salts (C. 1901, I. 513). * 

Tetramethyl Succinic Acid, C02H.C(CH3)3.C(CH9)3C0gH, m.p. X 9 o>i 92 , 
with loss of water, is formed, together with trimethyl glutaric acid (p. 504), when 
a-bromisobutyric acid (or its ethyl ester) is heated with silver (B. 28 , 297 ; 26 , 
X458) ; also by electro-synthesis Irom potassium dimethyl malonic ester, and 
from azobutyronitnle (p. 397) (A. 292, 220) ; monomethyl ester, m.p. 63®. 

Tetra-ethyl Succinic Acid, mp. 149® with conversion into anhydride, and 
Tetrapropyl Succinic Acid, m.p. 137®, are obtamed by hydrolysis of the respective 
dialkyl malonic mono-esters (C. 1905, II. 670 ; 1906, II. 500). 

These tetra-alkylated succmic acids pass very readily into their an- 
hydrides. 


Chlorides of the Ethylene Sueeinle Aeld Group. 

Of the possible chlorides, the monochlonde, Cl.CO.CHt.CH 2 .CO 9 H, is only 
known in the form of its ethyl ester, b p 33 144®, vrhich results from the action of 
POCI 3 (B *26, 2748) on sodium succinic ethyl ester. 

Sucrtnyl Chloride, m.p. ib®, bp 103®. results from the action of PCI5 on 
succmic acid. 

Two formulas have been suggested for this substance, a symmetrical (x), and 
an unsymmetrical one (2) ; 


CHjCOCl 

(I) I 

CH,COCl 



This latter view would make succinyl chloride a dichloro-substitution product 
of butyrolactone, into which it passes on reduction. The behaviour of succinyl 
chloride towards zinc etliidc is in harmony with its lactone formula, for it then 
yields y-diethyl butyrolactone (p. 374). and in the presence of benzene and alumi- 
nium chloride it chiefly aflords y-diphenyl butyrolactone (B. 24 , R. 320). A small 
quantity of dibenzoyl ethane, C2H2CO.CH2CH2.COC2H5, is produced at the 
same time. These reactions, whilst supporting the unsymmetrical formula, do 
not completely exclude the symmetrical representation (comp. B. 80 , 2268). 

Pyrotartryl Chloride, CjH.OtCl,, b.p. 190-X95® (B. 16 , 2624). uns.-Dimethyl 
Succinyl Chloride, CgHgOj.Cla, b.p. 200-202® (A. 242 , X38, 207). 


Anhydrides of the Ethylene-Sncoinic Acid Oronp. 

The ready formation of anhydride is characteristic of ethjdene 
succinic acid and its alkyl derivatives. It proceeds ^he more easily 
the more the hydrogen atoms of the ethylene group are replaced 
by alcohol radicals (p. 492). 

Formation, — (i) By heating the adds alone. (2) By the action 
of P2O5 (B. 28 , 1289), PCIb or POClg (A. 242 . 150) on the acids. 
(3) By treating the acids with the chloride or anhydride of a 
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monobasic fatty acid, e,g, acetyl chloride or acetic anhydride (AnschUtz, 
A. 226, i) : 

CH,.COOH CH,CO. CHj.COv 

I +2CH,C0C1 = I )0+ >0+2HCI. 

CH,.COOH CH,C0^ CHjCO/ 

( 4 ) When the chloride of a dicarboxylic acid acts (a) on the 
acid, or ( 6 ) on anhydrous oxalic acid (A. 226, 6 ) : 


CH*.CC1 

CH,CO 



COOH 

COOH 


CH.COs^ 

I /O-I-2IICI+CO+CO,. 
CllaCO" 


Suoeinlc Anhydride, I > 0 , m.p. 120®, b.p. 201®, Methyl Succimc 
CllaCO/ 

Anhydride, Pyrotartanc Anhydride, m.p. 32®, b.p. 247® (A. 336 , 299 ; C. 1904, 
I. 1485). Kthvl Succinic Anhydride, b.p. 243®. Isopropyl Succinic Anhydride, 
b.p. 250®. Para- and Meso-srym.-dimethyl Succinic A nhy dr ide, m.p. 38° and 87®, 
respectively ( 13 . 26 , 1460 ; C. 1899, H. 610). Meso-^ym.-methyl Ethyl and 
Meso-sym.-dicthyl Succinic Anhydrides, m.p. 244®, b.p.4245“. \msym..- Dimethyl 
Succinic Anhydride, m.p. 29®, b.p. 219®. Trimethyl Succimc Anhydride, m.p. 31®, 
b.p.7,, 231®, b.p.i2 loi®. Tetramethyl Succinic Anhydride, m.p. 147®, b.p. 
230-5®. Tetra-ethyl Succinic Anhydride, m.p. 86®, b.p. 270°. Tetrapropyl 
Succinic Anhydride, m.p. 370®. 

Properties and Reactions . — Succinic anhydride has a peculiar, faint, pene- 
trating odour. It can be recrystallized from chloroform. It reverts to succinic 
acid in moist air, but more rapidly when boiled with water. It yields succinic 
alkyl ester acids with alcohols. Ammonia and amines change it to succinamic 
and alkyl succinamic acids. PClg changes it to succinyl chloride. Sodium 
amalgam reduces it to butyrolactone (B. 29 , 1193); re<luction of homologous 
succinic anhydrides by sodium and alcohol produces y-laclones and* even 1,4- 
glycols (comp. pp. 310, 373). If the anhydride is boiled for some time it loses 

00, and changes to the dilactone of acetone diacetic acid, (‘0(CHg.CH2- 
COjH)* {q.v.); PjS, converts succinic acid and sodium succinate into thiophene, 

CH=CH — S — CH=(!)H {q. 79 .). The homologues of succinic anhydride icsemble 
the latter in behaviour. 

unsym. -Dimethyl succinic anhydride is partially decomposed by AljCl^ in 
chloroform into CO, HjO, and dimethyl acrylic acid, (CHj)8'-:CHCOOH (C. 1902, 

1. .567). 

Peroxides. 

Succinyl Peroxide, (C4H4O4) , is obtained from succinyl chloride and sodium 
peroxide. It is a very explosive crystalline powder (B. 29 , 1724). Succinic 
Peroxide, 0j(r0CH8CHsC00H)2, m.p. 124° with decomposition, is prepared from 
succinic anhydride and 7-5 per cent. H3O3 solution. It explodes when heated, 
and decomposes in xylene solution into COj, a small quantity of adipic azid (p. 505), 
succinic anhydride, and other bodies. Water hydrolyses it into succinic acid 
and succinic hydroqen peroxide, HOCOCHjCIIjCO.OOH, ni p. 107° with decom- 
position, which decomposes on careful heating into CO*. HgO, and acrylic acid 
(C. 1904. II- 765)- 


NITROGEN-CONTAINING DERIVATIVES OF THE ETHYLENE SUCCINIC 

ACID GROUP 

Ethylene succinic acid, like oxalic acid, yields an imide, a diamide, 
a nitrile acid and dinitrile : 


CH.COjH 

^H,CONH, 

Succinamic 

Add. 


CHaCOv 
I >NH 
CIIjCO^ 
Succinimide. 


CHaCONH. 

Cn*CONHa 

Suc^amide. 


(HaCOaH 


CHaCN 

iH.CN Jh.cn 

/i-Cyan o groplonlc 


Ethylene 

Cyanide. 
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(a) Amldo-Aelds (A. 809, 3 x 6 ). — ^Most of these have been prepared by decom- 
posing the imides with alkalis or barium hydroxide. They are also formed on 
adding ammonia, primary aliphatic amines, and aromatic amines (e.g. aniline and 
phenyl-hydrazine) to acid anhydrides. They behave like oxamic acid (p. 483 ). 
When heated, or when treated with dehydrating agents, e.g, PCl^ or CHtCOCl, 
they become converted into imides, which bear the same relation to them that the 
anhydrides sustain to the dicarboxylic acids. Succinamic Acid, CO|H.CHtCHt.- 
CONH,, is obtained from succinimide by the action of barium hydroxide solution. 
Succtnatntc Methyl Ester, m.p. 90”, is obtained from succinimide and methyl 
alcohol at 178® (C. 1899. II. 864). Succtneihylamic Acid, CO,H.CH,CH,.CONHCtHg 
(A. 251 , 319). Succtnantlic Acid, CO,HCHgCHjCONHC,Hg (B. 20 , 32x4) : 
methyl ester, m.p. 98**, is obtained fiom succinanil (p. 498) and sulphonic acid 
in methyl alcoholic solution, and PgSg in toluene produces thiosuccinanil, 
CHg.COv 

I ^N.CgHg, m.p. X67®, which is split by alkalis into thiosuccinanilic acid, 

CHgCS^ 

HOCO CHaCHgCSNHCflHg, m p. 107® (B. 39 , 3303). unsym.-Dimethyl Succinct- 
nilic Acid, COaHC(CH3)2CH2CONHCaH8. m.p. 189°. 


(6) Imides. — ^These are produced (i) on heating the acid anhy- 
drides in a current *of ammonia ; (2) when the ammonium salts, 
diamides, and amido-acids are heated ; (3) from the dinitriles, by partial 
hydration (C. 1902, I. 711). They show a symmetrical structure, 
as will be explained in connection with succinanil. 

CHgCOv 

Succinimide, [ /NH, m.p. 126®, b.p. 288®, crystallizes with 

C>IIg.CO 

water, and has the character of an acid, as the hydrogen of the NH- 
group can be replaced by metals. 

Potassium Succinimide, C2H4(CO)2NK ; Sodium Succinimide (B, 
28, 2353) ; Silver Succinimide (A. 215, 200) ; Potassium Teirasuccini- 
mtde Tri-iodo-iodide, (C4H502N)4l3.KI (B. 27, R. 478 ; 29, R. 298), 

The cyclic imides are readily broken down by alkalis and alkaline 
earths : 


CH.COv HgO CIIgCO.OH 

I >NH ^ I 

CHgCO.NHg 


On distilling succinimide with zinc dust, pypole (p. 318) is formed ; 
wlicn lu'ated with sodium in alcoholic solution it is converted into 
tetramethylene imide or pyrrolidine (p. 335). Electrolytic reduction 
produces y-hutyrolactone or pyrrolidone (p. 395). 


CH=CHv 

I >NH 


PM^rw- 

Pyrrole. 


CH,.COv 

I >NH 

CH, CQ/ 

Succioimide. 


CHj.CO V 
I >NH 

CH.CHg/ 
Pyrrolidone. 





Pyrrolidine 


Hypochlorous acid, and hypobromous acid acting on succinimide, and iodine 
on silver succinimide produce : Succtnochlortmtde , CgH4(CO)aNCl, m p. 148® ; 
Succinobromimide, C2H4(CO)gNBr, m p. 174® with decomposition, and Succtntodo- 
imide (B. 26 , 985). l^hosphorus pentachloridc converts succinimide into dichloro^ 
CCl.CO V • 

maleinimide chloride, || ^NH, pentachloropyrrole, Crag'S, and the hepta” 

CCl.CCl/ 

chloride, C4C1,N (A. 295 , 8b) Bromine and potassium hydroxide convert 
succmimidc into jS-amidopropionic acid (p. 393) : 

VOL. I, • a K 
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Sodium methoxide changes succinobromimide by a molecular rearrange- 
ment into Carbofnethoxy-p-amidopropionic Ester, CHtO.CO.NHCH,CHaCOtCHg, 
m.p. 33’3® (B. 26 , R. 935)- 

Methyl Suocinlmide, CaH4(CO)2N.CH„ m.p. b.p. 234^ is obtained 

from the oxime of laevulinic acid (P..421) by the action of concentrated sulphuric 
acid (A. 251 , 318). 

Ethyl Sucelnlmlde, m.p. 26°, b.p. 234"*, is formed when ethyl iodide 
acts on potassium succininiidc. It yields ethyl pyrrole when it is distilled with 
zinc dust. Isopropyl Succmimide, m.p. 61®, b.p. 230*. Isobutyl Succtnimide, 
m.p. 28®, b.p. 247® (B. 28 , R. 600). 

Phenyl Succinimide, Sttcctnantl, CjH4{CO),.N.C,H«, m.p. 150®, is converted 

CCl— CO V 

by PCI. into dichloromaleic anil dichloridc, || the lactam of 

CCl-CCl*'^ 

CC1=CCK 

v-anilidoperchlorocrotonic acid and tetrachlorophcnyl pyrrole, I ^NC4H5. 

CC1=CCK 

This last fact, and the reduction of dichloromaleic dichloride to y-anilidobutyio- 

CHj.CO . 

lactam or n -phenyl butyrolactata, I pNCeHg, indicate that the symmetrical 

CIlj.CH/ 

formula properly represents both succinanil and succinimide (A. 295 , 39, 88). 
CHj.CH.CO V 

Pyrotartrimide, I yNH, m.p. 66®. n- Alkyl Pyrotartnmide (B. 80 , 

CHa.CO^ 

8039 ). sym.-Dimethyl Succinimide (B. 22 , 646). unsym.-Dimethyl Succtnimide, 
m.p. 106®, is obtained by heating aa-dimethyl succinonitrile acid (C. 1899, I. 
873) ; also by oxidation of mesitylic acid (A. 242 , 208 ; B. 14 , 1075). unsym.- 
Dxmethyl Succinanil, m.p. 85®. Trimethyl Succinanil, m.p. 129®. Tetramethyl 
Succinanil, m.p. 88® (A. 285 , 234 ; 292 , 176, 184). Pimelimide, m.p. 60® (A. 220 , 
276). 

(c) DIamIdes and Hydrazldes. 

Succlnamide, NHtCO.CHsCIfjCONHs, is produced like oxamide. It crystal- 
lizes from hot water in needles. At 200° it decomposes into ammonia and 
succinimide. 

Succtnodibromodiamtde , NH2CO[CH JjCONBrj, is obtained iiom succinamide 
and KBrO (see also J 3 -Lactyl Urea, p. 444). Pyrotarir amide, m.p. 225® (B. 29 , 
CHjCO.NHNHj 

R* 509)- Succinohydrazide, I , m.p. 167® (J. pr. Ch. [2] 51 , 190; 

CH,C0.N1JNH4 

B. 89 , 3376). 


^ , , r, . . CHaCONH.CH. 

(d) Cyclic Diamides. — Ethylene Succinyl Dtamide, \ | 

( ONH.CH, 

(B. 27, R. 589). Succinophenylhy dr azide, i-Phenyl-zf^-Ortho piper azone, 

CHjCO.N.C.H, 

I I , m.p. 199®, is obtained from the hydrochloride of 


CHjCO.NH 

phenylhydrazine and succinyl chloride (B. 26, 674, 2181) ; whilst 
succinic anhydride and phenylhydiazine yield the isomeric n-anilino- 


succinimide C2H4(CO)2 N.NHCeHs, m.p. 155®. 


(^) Nitrilic Acids and Dinitriles . — Dimethyl Cyanopropionic Ester, 
CN.CH2.C(CH3;2C02C2H6» b-P- 2i8®, results when dimethyl cyano- 
succinic mono-ethyl ester is heated (C. 1899, 1. 874). 


Dinitriles are produced from alkylene bromides (the addition pro- 
ducts of bromine and the olefines) b / treatment with potassium cyanide. 
Absorption of water converts these dinitriles into the ammonium salts 
^ the corresponding acids, the synthesis of which they thus facilitate. 
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When reduced, they take up eight atoms of hydrogen and become the 
diamines of the glycols — e.g. : 

CHfCOfi 

CH.OH CH, CHjBr CH,.CN ( co H 

.cS:.8gfNH. 

Succinonitrile, Ethylene Cyanide, CN.CH 2 CH 2 .CN, m.p. 54‘5®, b.p.20 
159®, IS an amorphous, transparent mass (C. 1901, II. 807), readUly 
soluble in water, chloroform and alcohol, but sparingly soluble in ether. 
It is also obtained by the electrolysis of potassium cyanacetate (p. 65), 

It yields ethylene succinic acid when saponihed, and tetramethylene diamine 
upon reduction. It combines with 4HI (B. 25 , 2543). Paraformaldehyde, glacial 
acetic acid and sulphuric acid convert it into methylene succtntmide, (CaH4.C|0|N)|- 
CHj, m.p. above 270® (J. pr. Ch. [2] 50 , 3). When heated with water and sul- 
phuric acid it forms succimmide (C. 1902, 1 . 71 1). 

Pyrotartaric Nitrile, m p. 12®, is obtained from allyl iodide and two molecules 
of KNC (A. 182 , 327 ; B. 28 , 2952) 

unsym-Dimethyl Succinic Nitrile, CN,CH2C(CH8)jCN, b.p. 219® (B. 22 , 1740). 
(/) Oximes. — Succinyl Hydroxamic Acid, COjH.CHjCHj C( : N.OH)OH 
(B. 28 , R. 999). Succinyl Hydroxamic Tetracetate, m.p. 130® (B. 28 . 754). Hy- 

CH8.C(:NOHk 

droxylamine converts succinonitnle into Succinimidoxime, | ^NH, 

CH8.C(:NOH)v*’ 

m.p. 197® (B. 24 , 3427), and Succimmide J >ioxime, | yNH, m.p. 207* 

CHi.C(:NOH)'^ 

(B. 22 , 2964). 


HALOGEN SUBSTITUTION PRODUCTS OF THE SUCCINIC ACID GROUP 


The monosubstitution products arc obtained (i) by the direct action of halogens 
on the acids, then esters, chlondeb or anhydrides. In case of the acids, it is 
advisable to act on them with amorphous phosphorus and bromine (B. 21 , 
R 5) ; (2) by the addition of a halogen hydride to the corresponding unsaturated 
dicarboxylic acid of f he fumaric and maleic groups (A 254 , 161) ; (3) by the action 
of a halogen hydride, and (4) of PCI, or PBi^ on the corresponding a-mono- 
hydroxyethylene dicarboxylic acids (A 130 , 21) ; (5) from aminosuccinic acids 
by means of potassium bromide, sulphuric acid, bromine and nitric oxide (B. 28 , 
2769). 

Im-ctive Chhrosuccinic Acid, CO^H.CHClCHj.COjH, m.p. 152®, is formed from 
fumaric acid and hydrochloric acid : dimethyl ester, b.p.14 106*5® ; diethyl ester, 
b.p.i, 122® ; anhydride, m.p. 41®, bp,, 126® (A. 254 , 156 ; B. 23 , 3757 )- 

i-Chlorosuccinic Acid, m.p. 176® with decomposition, is obtained from 1-malic 
acid by means of PC 1 | and water. Its silver salt is converted into d-malic acid 
when it is boiled with water; dimethyl ester, bp.jg 107®; chloride, b.p „ 92®; 
anhydride, b p.^o 138® (B. 28 , 1289) 

VChlorosuccinic Acid is prepared from 1 -aspartic acid, which can be changed 
to 1-mahc acid Starting, therefore, with 1 -aspartic acid, it is not only possible 
to prepare 1-chlorosuccinic acid and 1-malic acid, but with the aid of the latter ,wc 
can obtain d-chlorosuccmic acid, which can be transposed ihto d-maiic acid 
(p. 55 ): 


1 -Aspartic Acid 


^1-i.mo 

id 

^i-Mah 


l-Chlorosuccinic Acid <- d-Malic Acid 
•Malic Acid >- d-Chlorosnccinic Acid. 


On the other hand, 1 -chloro- and 1 -bromo-succinic acid, which yield 1 -malic 
acid with silver ^ide, give, with ammonia, d-ammosuccinic acid, from which 
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drmalic acid can be obtained on boiling the substance with barium hydroxide 
solution {Walden* s Inversion, pp. 55, 364, 388) (B. 30 , 2795) : 

1 -Chlorosuccinic Acid l>Malic Acid 

4 ” 

d-Aminosuccinic Acid d-Malic Acid. 

Inactive BrowosMccintc COjH.CHBrCHj.COjH, m.p. 160®, is prepared 
from hydrobromic acid and fumaric acid. It is decomposed by alkalis into its 
components (A. 848 , 261); dimethyl ester, b.p.jo no®; anhydride, m.p. 31®, 
b.p.ii 137 ®* 

d~Bromosuccimc Dimethyl Ester is formed from 1 -malic acid and PBr,. b-p.^ 
124® (B. 28 , T291). 

VBromosuccinic Acid, is prepared from 1 -aspartic acid (B. 28 , 2770 ; 20 , 1699), 
m.p. 173® with decomposition. 

Monoiodosuccinic Acid has only been obtained as a basic lead salt (B. 80 , 200). 

The free, inactive acids and their esters, when heated at the ordinary pressure, 
break down into a halogen acid and fumaric acid and its ester, whilst the 
anhydrides yield the halogen hydride and maleic anhydride (A. 254 , 157). Moist 
silver oxide converts bromosuccinic acid into inactive malic acid {q.v.), which can 
thus be synthesized in this way. 

The addition of a halogen acid to ita-, cilra-, and mesaconic acids produces 
chloropyrotartaric acids, CaH7C104 : 

(1) Itachloropyrotartaric Acid, m.p. 140-141° (comp. Paraconic Acid and 
Ifamalic Acid). 

(2) Mesa- or Citrachloropyrotartaric Acid, m.p. 129° (A. 188 , 51; C. 1899, I. 
1070). 

Bromopyrotartaric Acids, CjHaBrO^ : 

(1) Itabromopyrolartaric Acid, m.p. 137®. 

(2) Citrahromopyrotartaric Acid, m.p. 148®. 

Dihalogen Substitution Products arc produced (i) by the direct action of 
bromine and water on the acids ; (2) by the addition of halogen, acids to the 
monohalogen unsaturated acids of the fumaric and maleic series ; (3 ) by the addition 
of halogens — particularly bromine — to the unsaturated acids of the fumaric 
and maleic seri('s. 

When hydrobromic acid is added to fumaric and maleic acids they yield the same 
monobromosuccinic acid, but with bromine, fumaric acid forms the sparingly soluble 
dibromosuccinic acid, whilst maleic acid and bromine yield the easily soluble iso- 
dibromosuccinic acid smd fumaric acid. These two dibromosuccinic acids have the 
same structural formula, they are symmetrical in arrangement, and their isomerism 
is probably due to the same cause prevailing with the dialkyl sym. -succinic acids 
(p. 494 ). Yet they are intimately related to racemic and mesotartaric acids, which 
were first synthetically prepared by means of the dibromosuccinic acids. Inasmuch 
as fumaric acid yields racemic acid when oxidized, therefore the sparingly soluble 
dibromosuccinic acid, the dibromo-addition product of fumaric acid, should cor- 
respond with racemic acid, and isodibromosuccinic acid with mesotartaric acid. 
However, the transposition reactions of the dibromosuccinic acids show many 
contradictions. 

Dichlorosuccinic Acid, m.p. 215° with decomposition, is prepared from fumaric 
acids and liquid chlorine ; methyl ester, m.p. 32° (A. 280 , 210). 

Isodichlorosuccinic Acid, m.p. 170° with decomposition, is obtained from the 
anhydride, m.p. 95°, the addition product of maleic anhydride and liquid chlorine. 
When heated, the anhydride changes to chloromaleic anhydride (A. 280 , 216). 

Dibromosuccinic Acid, CaH,Br,(C02H)*, consists of prisms which arc not 
very soluble in cold water. When heated to 200-235° it breaks up into HBr and 
bromomaleic acid ; and with acetic anhydride it yields bromomaleic anhydride 
and acetyl broxhide ; methyl ester, m.p. 62° ; the ethyl ester, m.p. 68°. 

Isodibromosuccinic Acid, C,HxBr,(COaH),, m.p. 160°, is very soluble in 
water. It decomposes at 180° into HBr and bromofumaric acid (p. 514)* Its 
anhydride, C,H,Br,(CO)jO, m.p. 42°, is formed from maleic anhydride and 
bromine. At 100° it breaks down into HBr and bromomaleic anhydride (A. 280 , 
207). The anilic acid, m.p. 144®. The anil, m.p. 177® (A. 292 , 233 ; 239 , 143). 
When reduced, both acids yield ethylene succinic acid ; when boiled with pot^ 
cium iodide they change to fumaric acid, whilst boiling sodium hydroxide or 
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barium hydroxide solutions convert them into acetylm§ dicarboxylic add (A. 272, 
127). The sparingly soluble dibroma acid, when boiled with water, passes into 
bromomaleic acid, whilst the readily soluble acid, under like treatment, becomes 
converted into bromofumaric acid. Two hundred parts of boiling water convert 
the difficultly soluble dibromo-acid, in the presence of the brominated unsaturated 
acid, into mesotartaric acid, together with a little racemic acid, whilst the readily 
soluble acid yields much racemic acid and but little of the mesotartaric acid 
(A. 292, 2Q5; 300, i). 

The silver salt of the difficultly soluble dibromo-acid changes on boiling with 
water to mesotartaric acid (q.v.), whilst racemic acid is obtained under similar 
conditions frona the easily soluble isodibromosuccinic acid (B. 21, 268). Much 
fxesotaftavic acid with but little racemic acid is formed on boiling the barium or 
pilcium salt of the difficultly soluble dibromosuccinic acid. The contradictions 
in these reactions are made clearer in the scheme which follows ; 

KMnO* 

Fumaric Acid — Racemic Acid. 

i 

Dibromosuccinic Acid Mesotartaric Acid (in quantity). 

• KMnOj 

Maleic Acid Mesotartaric Acid. 

i 

Isodibromosuccinic Acid Racemic Acid (in quantity). 

Trichlorosuccinic Acid is a crystalline, exceedingly soluble mass, obtained on 
exposing chloromalcic acid, water and liquid chlorine to sunlight (A. 280, 230). 

Tetrachlorosucctnaml, m.p. 157®, is formed together with dichloromaldfc anil 
chloride (p. 51 ^), when PC'l, acts on dichloromaleic anil (A. 295, 33). 

Trihromo*iuccimc Acid, C,HBr3{COaH)j, m.p. 136°, is produced when 
bromine and water act on bromomaleic acid and isobromomaleic acid. The 
aqueous solution decomposes at 60“ into CO,, HBr, and dibromacrylic acid, 
C,H,BraO, (p. 295). Alkalis convert it into di bromomaleic acid ; whilst excess 
of ammonia produces monobromofumaric acid (A. 348, 264). 

Dibromopyrotartaric Acids. — The addition of bromine to ita-, citra -and mesa- 
conic acids gives rise to three dibromopyrotartaric acids, which upon reduction 
revert to the same pyrotartaric acid (p. 493). 

The Ita-, Citra-, and mesa-dibromopyrotartarlc Acids, C5H,Br,04, are 
distinguished by their different solubility in water. The ita- compound changes 
to aconic ac id, C5H4O4, when the solution of its sodium salt is boiled ; the citra- 
and mesa- compounds, on the other hand, yield hromomethacrylic acid (p. 297). 

An excess of potassium hydroxide will convert citradibromopyrotartaric acid 
into bromomesaconic acid (p. 516). 


GLUTARIC ACID GROUP 

Glutaric acid and its alkyl derivatives, like ethylene succinic acid, 
are characterized by the fact that when heated they break down into 
the anhydride and water. The anhydrides readily yield anilic acids, 
from which anils can be obtained by the withdrawal of water. The 
glutaric acids resemble the ethylene succinic acids in behaviour, but 
they arc changed to anhydrides with greater difficulty by acetyl 
chloride, and arc not so volatile with steam. 

Glutaric Acid, Normal Pyrotartaric Acid [Pantane Diacidl 

CH CO H 

m.p. 97®, is isomeric with monomethyl succinic acid or 
ordinary pyrotartaric acid, as well as with ethyl and dimethyl 
malonic acids (p. 491). It was first obtained by the reduction of o- 
hydroxyglutaric acid with hydriodic acid. It may be synthetically 
prepared from, trimethylene bromide (p. 322), through the cyanide ; 
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from acetoacetic ester by means of the acetoglutaric ester {q.v.} ; from 
glutaconic acid (p. 520), and from pro‘pane tetracarboxylic acid or 
methylene dimalonic acid, C3H4(C02H)4, by the removal of 2CO2; 
from hydroresorcinol and potassium hypobromite (B. 32 , 1871) ; by 
electrolysis of a mixture of potassium malonic ester and succinic ester 
(C. 1903, II 1053). Glutaric acid crystallizes in large monoclinic 
plates, and distils near 303°, with scarcely any decomposition. It is 
soluble in 1*2 parts water at 14®. 

The calcium salt, C5Ha04Ca+4H20, and barium saU» C5He04Ba4-5H20, are 
easily soluble in water ; the first is more readily in cold than in warm water 
(like calcium butyrate, p. 259); monomethyl ester, b.p.jo 153° (B. 26 , R. 276; 
C. 1900, I- X69) ; ethyl ester, b.p. 237®. 

The anhydride, C^HgOj, m.p. 56-57®, forms on slowly heating the acid to 230- 
280®, and in the action of acetyl chloride on the silver srdt of the acid. 

Glutarimide, C,H4(CO)2NH, m.p. 152°, is formed when ammonium glutarate 
is heated ; when trimethylene cyanide (g.v.) is heated with sulphuric acid and 
water to 180-200® (C. 1902, I. 711), and by oxidation* of pentamethylene imine 
(P- 33 ^) or piperidine with H2O2 (B. 24 . 2777). When heated to redness with 
zinc dust, a little pyridine is formed (B. 16 . ICS83). 

Glutaric Peroxide, O^iCOClrijZH^L'liJZOOll) 2. m.p. 108® with decomposition, 
is prepared from glutaric anhydride and H2O2. On being heated it yields a 
little suberic acid (p. 506) (C. 1904. II. 706). 

Glutaric Dikydraiide, (CH,)a(COXHNH2)2. m.p. 176®. Glutaric Diazide is an 
explosive oil (J. pr. Ch. [2] 62 , 191). 

Nitrile of Glutaric Acid, Trimethylene Cyanide, ('n* m.p. —29®, 

b.p. 286® (C. 1901, II. 807), is obtained from trimethylene bromide and pota.ssium 
cyanide. Alcohol and sodium convert it into pentamethylene dianunc (p. 334) 
and piperidine (p. 336), whilst it yields glutarimide dioxime with hydroxylamine 
(B. 24 , 3431). 

B’Chloroglutaric Acid is obtained from ) 5 -hydroxyglutaric acid. Dicthyi- 
aniiine converts it into glutaconic acid (p. 326) (C. 1905, 1. 1225). 

Pentachloroglutaric Acid, COjH.CClaCHClCClj.COjH (B. 25 , 2219). 

a-Bromo~ and a-Iodo-glutaric Ester are converted by KOH or diethyl aniline 
into trimetliylone dicarboxylic acid (comp. p. 507) (C. 1905. I. 1225). 

ay’Dibromoglutaric Acid, CHaCCHBrCOOHja, cis-form, m.p. 170®; trans^ 
form, m.p. 143° with decomposition (comp. p. 503, ay-di-alkyl glutaric acids) 
result when glutaric acid is brominated, and by the oxidation of cis- and trans- 
dibromides of cyclopentadiene (Vol. II.). Reduction converts them into glutaric 
acid, whilst a 0 ~Dibromoglutaric, the dihromtde of glutaconic a^id (p. 520), 
yields glutaconic acid when reduced (A. 314 , 307, 569). 

Mono-alkyl Olutarle Adds.— o-AfrtAyl Glutaric And, 

m.p. 76®, results from the reduction of saccharone, and on treating camphor- 
phorone with KMn04 (B. 25 , 265). It may be synthesized from methyl aceto- 
acetic ester and ) 9 -iodopropionic acid ; and when KNC acts on laevulinic acid. 
It is a by-product in the decomposition of isobutylene tricarboxylic ester, the 
condensation product of bromisobutyric ester and alcoholic sodium mulonate 
(see below). A series of a-alkyl glutaric acid are formed by the decomposition 
of the alkylated 1,1,3-propane tricarboxylic esters (C. 19^1, I. 302), o-Methyl 
glutaric acid and PjSj yield yM ethyl Penthiophen ; anhydride, m.p. 40®, b.p. 283® ; 
anilic acid (A. 292 , 211); dinitrile, a-methyl trimethylene cyanide, b.p. 270®, is 
prepared from dibromobutane and KNC (C. 1902, II. Z097). 

orEthyl Glutaric Acid, m.p. 60®, b.p.jo 1905 ; anhydride, b.p. 275® ; anilic 
add (A. 292 , 144, 215). 

^’Methyl Glutaric Acid, Ethylidene Diacetic A dd, CHsCH(CHsCOaH)a, m.p. 86®, 
is formed from crotonic ester and sodium malonic ester or sodium cyanacetic 
ester (C. 1906, 1 . 186) ; also from ethylidene dimalonic acid ; anhydride, m.p. 46®, 




is prepared from propylidene dimalonic acid. fi^Isopropyl Q^utaric A 
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loo^, is formed from a-cyano-) 9 -isopropyl glutaric mono-ester or jS-isopropyl 
glutaric ester, whose methyl-substitution product yields a-methyl p^isopro^l 
glutaric acid (B. 38 , 947). The ^-isopropyl glutaric acid, when oxidised with 
CrO,, IS converted into terpenylic acid (p. 558); but KMn04 produces terebic 
acid (p. 55S) (C. 1899, I. 1157; iQOO, II. 39, 467). The dxmtnles of the j8 -alkyl 
glutaric acids are obtained also by boiling with water the oximes of alkylidene 
bib-pyroracemic acids (diketopimehc acids, RCH[CH|C(NOH)COOH]s (C. 
1906, I. 1105). 

DI- and Trl-alkyl Glutaric Acids are produced together with tri- and tetra- 
methyl succinic acids in the syntheses of these latter acids from a-bromiso* 
butyric acid with silver, with methyl malonic ester, etc. In order to explain the 
formation of these unexpected alkyl glutaric acids in these reactions, it has been 
assumed that a portion of the a-bromisobutyric acid gives up HBr and passes into 
methacrylic ester. In the silver reaction the HBr attaches itself to the methyl 
acrylic ester, and the silver withdraws bromine from the o- and j8-bromisobutyric 
esters, whereby the residues unite to trimethyl glutaric ester (B. 22 , 48, 60) : 

PH —HBr +HBr ptr -d- 

C,H,OOC.CBr< 5 g| ^ C,H,OCX:.C< 5 “| > C,H,OOC.CH<^gj" 

In the second stage sodium methyl malonic ester attaches itself to methyl 
acrylic ester, and when the addition product is saponified it yields dimethyl 
glutaric acid (B. 24 , 1041, 1923) : 


C,H.Ocd>C=CH.+HCNa< 


COOCjH, 

COOCjH, 


'C.Hi?d>CH-CH,-CNa< 


COOC,H 

COOC,H 


I 

I 


The aa^- (or ay-) and a)8-dialkyl glutaric acids, similarly to the sym.-dialkyl 
succinic acids (p. 494), exist in two modifications — the para~ and meso-, or c%s~ 
and trans-iorms. The cts~ acids are easily converted into anhydrides and imides, 
whilst the trans-acids undergo these changes with difficulty or not at all (comp. 
C. 1903, I. 389, etc.). 

aax-D%ineihyl (xlutaric Acid, CH|[CH(CH8)COaH]a, m.p. cis- acid, zay**, frans- 
acid 140^ (A. 292 , 146 ; B. 29 , R. 421), are also prepared from CHala sodium 
a-cyanopropionic ester. The cis-acid can also be obtained by reduction of 
aa-dimcthyl glutaconic acid (p. 521 ) by means of HI and phosphorus, accompanied 
by the wandering of a methyl group (C. 1903, I. 697). 

Bromine converts both acids into a-bromo-derivatives, from which hydroxy- 
dimethyl glutaric acids and their lactones are obtamed (B. 25 , 3221 ; A. 292 , 146). 
Acetyl chloride or acetic anhydride convert the cts- acid into its anhydride, m.p. 
94^ whilst the irans-acid is not changed when gently warmed (B. 81 , 2112). 
aa-Dimethyl Glutaric Acids, m ps. 120® and 94®, are formed whenj 5 -hydroxy-diethyl- 
glutaric acid is reduced with HI (C. 1902, II. 107). On heating the barium salts 
of aai-dimethyl and -diethyl glutaric acids there result dimethyl tetramethylene 
ketone and diethyl tetramethylene ketone (C. 1897, H. 342). aa^-M ethyl Iso- 
butyl Glutanc Acids, m.ps 12 1® and 78®, are produced from sodium isobutyl 
malonic ester and bromisobutyl ester, etc (C. 1900, II. 368). 

aP-Dimethyl Glutaric Acids, CO*H.CH(CHj)CH(CH,)CHjCO,H, trans-acid 
fluid, ci 5 -acid, m.p. 87®, are formed by hydrolysis and splitting oil of CO| from 
^e condensation products of crotonic ester, sodium cyanacetic ester and 
iodomethane ; also of angelic or tiglic esters (p. 298) and sodium cyanacetic 
ester (C. 1903, 1. 565, zi2s ; 1906, 1 . 186 ; comp, also A. 292 , 147 ; B. 29 , 2058). 

nnsym.-aa-Dimethyl Glutaric Acid C02H.C(CH,),CH,CH»fc0,H, m.p. 85* ; 
anhydride, m.p. 38®, is prepared from y-chlorisobutyl acetic acid and potassium 
cyanide (C. 1898, II. 963 ; comp. C. 1902, II. 25) ; by reduction of the addition 
product of HI to aa-dimethyl glutaconic acid by means of zinc and hydrochloric 
acid; also by oxidation of camphor compounds (Vol. II.) (C. 1900, 11. 282). 
Treatment of aa-dimethyl glutaric anhydride with AliCl« in chloroform leadi to 
a partial production of isocaprolactone and pyroterebic acid and CO^ (comp, 
unsym.-dimethyl succinic anhydride (p. 496) ; also C. 1902, 1 . 567). 
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formal PimtUe Aeld [Heptane Diacid], COtH[CH|]BCO|H, m.p. 105^ (A. 292 , 
I5(^, was first prepared by oxidizing suberone « and from salicylic acid by 
action of sodium in amyl alcohol solution; cyclohexanone results as an intermediate 
product, and the ring is broken according to the formulae on p. 505 (A. 286 , 259) ; 
by heating furonic acid. C^HgOg. with HI ; and in the oxidation of fats with nitric 
acid. It can be obtained synthetically from trimethylene bromide and malonic 
ester by heating pentameth3dene tetracarboxylic acid, which is the first product 
of the reaction (B. 26 , 709). It may be conveniently prepared from the dtnttrile, 
Pentamethylene Dicyanide, b.p.i, 172®. This is obtained from crude dichloro- 
pentane (pp. 321. 323). and KNC (B. 87 , 3588; C. 1904, II. 587). When its 
calcium salt is distilled ptmelic ketone \cydohtxanone\ is produced (p. 504). 

Alkyl Pimelic Acids : a-. j 3 -. and y-Methyl Pimelic Acids, m.p. 54®. 49®. and 
56®. They are formed when the -o, m-, and p-cresotic acids (Vol. II.), or better 
their dibromo>derivatives, are reduced by amyl alcohol and sodium (A. 296 , 173). 
The a-acid may also be prepared from the corresponding tetracarboxylic acid 
(B. 29 , 729), and by acid decomposition of methyl ketohexamethylene carboxylic 
ester (p. 504). 

aa^-Dimethyl Pimelic Acids, m.p. 81® and 76® (B. 28 , R. 465). 
apa~Trimethyl Pimelic Acid, b.p.|g 214® (B. 28 , 2943). 

pp-Dimethyl Pimelic Acid, m.p. 104®, and ppa^-Trimethyl Pimelic Acid, 
m.p. 55®, are prepared from the condensation products of S-biomo-)8-dimethyl 
caproic ester and sodium malonic ester and sodium methyl malonic acid respec- 
tively. The anhydrides of these acids yield on distillation dimethyl cyclohexanone 
and trimethyl cyclohexanone (p. 505) (C. 1906, I. 1819 ; 1907, I.9O4). 

aai-Dxhromopimelic Acid, m.p. 141® ; diethyl ester, b.p.gg 224®, when acted 
on by sodium ethoxide becomes ia.'-cyclopentene dicarboxylic acid (Vol. II.). 

Suberic Acid [Octane Diacid], COgl^CHglgCOgH, m.p. 140®, is obtained by 
boiling cork (B. 26 , 3089). or fatty oils, with nitric acid (B. 26 , R. 814). Its 
ethyl ester, b.p. 280-282®, has been synthesized by electrolyzing potassium ethyl 
glutarate ; it is also obtained by the action of magnesium and COg on trimethylene 
bromide (p. 322) (B. 40 , 3039). Distillation of the calcium salt produce!^ suberone 
(p. 504) (A. 275 , 356) ; anhydride, m.p. 62® ; dxamide, m.p. 216® (B. 31 , 2344) ; 
dihydrazide, m.p. 183® ; diazide, m.p. 25®. See also 1,6-hexamethylene diamine 
(p* 334) (J- pr* Ch. [2] 62 , 198). Ppi-Tetrainethyl Suberic Acid, [HOOC.CHgC- 
(CHg)2-CH2]g, m.p. i 65 ^» is produced from J 3 -dimethyl glutaric mono-ester, by 
electrolysis (C. 1906, II. 18). 


Higher Paraffln-dicarboxylic Acids result, accompanied by oxalic, succinic and 
suberic acids, when fatty and oleic acids are oxidized by nitric aci<1 

The higher acetylene carboxylic acids (p. 304) usually decompose into the 
acids CnHgnOg, when oxidized with fuming nitric acid. The mixture of acids that 
results is separated by fractional crystallization from ether ; the higher members, 
being less soluble, separate out first (B. 14 , 560). Such acids have also been 
produced by the breaking-down of ketoximic acids through the action of con- 
centrated sulphuric acid, e.g., sebacic acid from ketoxime stearic acid (p. 300). 

Lepargylie Aeid, Azelaic Aeld [Nonane Diacid], C02H[C1T2],C02H, m.p. 
106®, is obtained by the oxidation of oleic acid and castor oil by nitric acid or per- 
manganate (B. 17 , 2214 ; C. 1900, I. 250). The name is deiived from azotic 
acid»nitric acid, and elaidic acid, connected with oleic acid. It is synthetically 
prepared from pentamethylene bromide and sodium acetoacetic ester (B. 26 , 
2249). When distilled with lime it yields azelaone (p. 504) ; ethyl ester, b.p. 291® 
(A. 807 , 375) ; anhydride, m.p. 52® ; nitrile, b.p.ji 195* (C. 1898, II. 848). Azelaic 
Dithiolxc acid, COSIirci l2]7COSH, m.p. 73°, is formed when azelaic diphenyl ester 
is “ hydrolyzed by .VaSH. Sodium converts it into a disulphide, [CH2]7[COa]S2 


(C. 1905, H. 217). . , 

Sebacie Acid [Decane Di-acid], CO»H[CH,]bCO,H, m.p. i 33 . is formed (i) by 
dry distillation of oleic acid ; (2) by oxidation of stearic acid, spermaceti or castor 
oil by nitric acid; (3) from stcaryl ketoxime; (4) from heptane tetracar- 
boxylic acid (B. 27 , R. 413). b.n.-- 106 : 


Anhydride, m.p. 78® ; diethyl ester, b.p.20 *90 ; 

yCONH 


Hhydrazide, m.p. 18$“ ; diaxiie, m.p.34*. sym,-S«6«c»c Hydratide [CHJ,^ 


U.vi.ai.ti\TO,ai6V 
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NonoHBDicorbopfyHc Add [CH Jt(COOH)|, m.p. no*, is obtained from a>*hydr^ 
xyundecylic acid (p. 375) by oxidation with CrOa. Decane Dicarboftylie Add 
[CHa]ie(COOH)a, m.p. 127®, is prepared from ai-bromo-undecylic acid and KNC; 
also syntheticfl^y by electrolysis of pimelic mono-ester (B. 84 , 900; C. 1901 » 
II. 1046). 

Brassylic Add [CHalnCCOaH),, m.p. 114®, is obtained by oxidation of behenolic 
acid and erucic acid (B. 26 , 639, R. 705, 81 1). It is synthetically prepared by 
condensing tez-bromo-undecylic ester and sodium mc> Ionic ester in alcohol, and 
subsequently hydrolysing and decomposing the condensation product. On the 
simultantous formation of an isomeric acid (possibly a-Methyl Decane Dicar* 
boxylic Acid), m.p. 82®, see B. 34 , 893 (comp. C. 1901# II- 1046). 

Roccelhc Acid, m.p. 132®, occurs free in nature in Roccella iinctoria. 


B. OLEFINE DICARBOXYLIC ACIDS, CnHan-iOa 


The acids of this series bear the same relation to those of the oxalic 
acid scries that the acids of the acrylic series bear to the fatty acids. 

The free acid hydrates of all the acids of the oxalic series are 
known, but in the case of the unsaturated acids there are some, like 
carbonic acid, which only exist in the anhydride condition. When 
the attempt is made to liberate the acids from their salts, they imme* 
diately split off water and pass into the corresponding anhydrides, 
e,g. dimethyl and diethyl maleic anhydrides. The analogy of such 
acids with carbonic acid, to which reference has already t^en made 
(p. 307), shows itself in the following constitutional formulae (A. 
254 , lOo ; 259 , 137) 

?- 0 =C= 0 +H .0 


/ONa 
CH , C—C -ONa 

I /O ■ 

CH ,C— C--0 

Sodium Pyrocinrhoiiate 
or Dimethyl M ileate. 


yOlV 
CH, C— eVOH 

1 /O 

s^CHaC— C=0 
Pyrociiichonic Acid 
(docs not exist). 


CHj.C— C^O 

II \ 


;>o+H,o 

CHa(>-€=0 


Pyrocinchomc An- 
hydride. 


Hence, dimethyl and diethyl maleic acids cannot contain two 
carboxyl groups any more than carbonic acid can contain them. 
Even in the salts and esters a y-lactone ring would be present. The 
hypothetical acid hydrates would be unsaturated y-dihydroxy- 
lactones. 


The cycloparaffin dicarboxylic acids, having a like carbon content and isomeric 
with the unsaturated dicau-boxylic acids, will be discussed after the cycloparafiiDs, 
e-g- • 

Trimethylene Dicarboxylic Acid, ^C(COjH), 

CHg~CHCO,H 

Tetramethylene Dicarboxylic Acid, | | 

CHj— CHCO.H 
>CH^CHCO^ 

Pentamethylene Dicarboxylic Acid, CIIjC I 

x:HaCHCOjH. 

The lowest member of the series has two possible structural iso- 
mers: methylene malonic acid, CH2 : C(C02H)£, and ethylene di- 
carboxylic a^, C02HCH;CH.C02H. The first is only known in the 


C 
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Fumarhydraiide, NH*NH.CO.CH:CH.CO.NHNH„ m.p. 220*, with de- 
composition. Fumarazide, N,CO.CH:CH.CON|, is crystalline. It explodes 
edsily, and when boiled with alcohol yields Fumarethyl Urethane, ROCONHCH:- 
CHNHCOOR (B. 29 , R. 231). 

Fumaranilic Acid, CjHjNH.COCHssCH.COjH, m.p. 231®, is formed from the 
corresponding chloride and water. Fumaranilic Chloride, C,H,NH.CO.CH = 
CH.COCl, m.p. 120®, crystallizes from ether in transparent, strongly refracting, 
sulphur-yellow coloured pri.smatic needles or plates. It is produced when aniline 
acts on fumaryl chloride in excess. Fumardianilide, C,H,NHCOCHa« 
CHCONHCgHg, m.p. 234°, with decomposition (A. 239 , 144 ; C. 1906, II. 19). 


HaleYo Acid, C4H4O4, m.p. 130®, b.p. 160® with decomposition 
into maleic anhydride and water. Its anhydride is formed as men- 
tioned under fumaric acid : 

(1) By the rapid heating of malic acid. 

(2) In the slow distillation of monochloro- and monobromosuccinic 
acid, as well as acetyl malic anhydride at the ordinary pressure. 

(3) By action of PCI5 on malic acid (A. 2§0, 216). 

(4) Maleic acid is formed S3mthetically, in small amount, when 
silver or sodium acts on dichloracetic acid and dichloracetic ester. 

(5) Maleic acid is obtained on decomposing triclilorophenomalic 
acid or j3-trichloracetyl acrylic acid (p. 425) with barium hydroxide 
solution. Chloroform is produced at the same time. 

(6) From quinone (Vol. II.) by oxidation with silver peroxide 
(B. 39, 3715): 

CH.CO.CH CHCOOH 

II II ^ II +2CO,. 

CH.CO.CH CilCOOH 

(7) From fumaric acid (see transformations of fumaric and maleic 
acids). 

Properties, — Maleic acid crystallizes in large prisms or plates, is 
very easily soluble in cold water, and possesses a peculiar, disagreeable 
taste. 

Salts, — C4H204Ag2 is a finely divided precipitate. It gradually 
changes to large crystals. C4H204Ba+H20 is soluble in hot water, 
and crystallizes well. 

The esters result from the action of alkyl iodides on the silver 
salt : 

The methyl ester, CjH,(CO*.CH,),, is a liquid, b.p. 205® ; ethyl ester, b.p. 225®. 
When heated with iodine they change for the most part into fumaric esters. 

ClJCO\ 

MaleYc Anhydride, m.p. 53®, b.p. 202 , is produced 

(i) by distilling maleic or fumaric acid alone, or more readily (2) with 
acetyl chloride or P2O5 (B. 37, 3722) ; (3) by the distillation of mono- 
chloro- and monobromosuccinic acids, and also of acetomalic anhy- 
dride (A. 254 , 155)*; (4) when PCI5, P2O6 and POClsact on fumaric 
acid (A. 268 , 255). It is purified by crystallization from chloroform 
(B. 12, 2281 ; 14 , 2546). It consists of needles or prisms, having a 
faintly penetrating odour. It regenerates maleic acid by union with 
water, and forms isodibromosuccinic anhydride when heated with 
bromine (comp. Asparagine, p. 554). 
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Maleic Chloride (B 18 , 1947 , 1906, II 20) 

CH CONHg CHC(OH)NH|v 

MaMnamicAcid, || * or || ^ mp 153* Its ammonium 

CH4:OOH CHCO ^ 

salt results when ammonia acts on maleic anhydride Aqueous potassium 
hydroxide converts the acid into maleic acid, whereas funiaric acid results when it 
is treated with alcoholic potassium hydroxide. Maletnmethylamic Acid, m p 149^ 
(B 29 , R 653) 

Maletmmtde C,H,(CO),NH, m p 93®, is produced when pyrrole is oxidised 
by chromic acid mixture It sublimes when heated (C 1904, II 305) 

CH CO NHC.H, CHC(OH)(NHC,H,)v 
Maletnamltc Acid, || or || yO mp. 187*, 

CH COOH CHCO ^ 

IS formed when anilme acts on an ethereal solution of maleic anhydride Heated 
under greatly reduced pressure it splits into maleic anhydride and aniline, which 
reunite in the receiver to malcinanilic acid Alcoholic potassium hydroxide and 
barium hydroxide solution convert it into fumanc acid (A 259 , 137) 

CHCOv 

Maleinaml, || ^NC,H, m p 91®, results upon heating aniline malate, in 
CHCO-^ 

the foim of bright yellow needles It combines readily with aniline, forming 
phenyl asparagmanil (A 239 154) Maletndtantltde, m p 175® (C 1901, I 171) 

CH C=N NH, 

Aminotnaleimmide, || , mp iii®, is obtained from maleic 

CHCO 

anhydride and hydrazine hydrate in alcohol When its solution is heated it 

CHCO NH 

changes to Malet n Hydrazide, || | , consisting of white crystals, which do not 

CHCONH 

melt at 250®. It is a strong acid 


BEHAVIOUR OF FUMARIC AND MALEIC ACIDS 


1 Acetylene is formed when the alkali salts of these acids are electrolyzed 

(p. 86) 

2 Sodium amalgam or zme reduces them both to succinic acid 

3 When heated to 100° with sodium hydroxide both acids change to inactive 
malic acid (A 269 , 76) whilst malic acid is changed into fumanc acid when boiled 
with sodium hydroxide solution (p 509) 

4 I umaru and malcic esters react with sodium alcoholates to form alkyl- 
hydioxy succinic acids (15 18 , R 536) 

5 Bromine converts 


Fumanc acid 
Fumanc ester 
Fumaryl chloride 
Maleic anhydiide 

6 Potassium permanganate 

Fumanc acid 
Maleic acid 


into dihromosuccimc acid 
„ dtbromosuccinic ester 
„ dibromosucctnyl chloride 
„ isodtbromosuccimc anhydride. 


changes (B 14 , 713) : 

into racemic acid 
„ mesotartaric acid. 


CONVERSION OF FUMARIC AND MALEIC ACIDS INTO EACH OTHER 

• 

1 When fumanc acid is heated, or treated with PCI 5 , FOCI, and PjO* (A 208 , 
255 . 273 , 31) It becomes converted maleic anhydride 

2 Malcic acid changes to fumanc acid 

(a) When it is heated alone m a sealed tube to 200® (B 27 , 1365) 

\b) By the action of cold HCl HBr, HI and other acids also SOj and HgS 
(B 24 , R 823), H| 0 . (B 88, 3241) as well as by the action of bromine in sunlight 
(B 29 , R 1080} 
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(c) On heating maleic ester with iodine fumaric esters result. 

' \d) Alcoholic potassium hydroxide changes maleinamic and maleinanilic acids 

to fumaric acid. ' 


THE ISOMERISM OF FUMARIC AND MALElC ACIDS 

The view generally acepted as to the cause of the isomerism of 
these two acids was presented in the introduction, under the section 
relating to the geometrical isomerism, the stereoisomerism of the 
ethylene derivatives (p. 32). In conformity with this representation 
we find in maleic acid, readily forming an anhydride, an atomic grouping 
which follows the plane-symmetrical configuration, according to which 
the carboxyl groups are so closely arranged witli reference to each 
other that the production of an anhydride follows without difficulty. 
Fumaric acid is not capable of forming an anhydride, hence it has 
the central or axial symmetrical structure. 

These space-formulae satisfactorily represent the intimate con- 
nection existing, as shown by Kekule and Anschutz, between fumaric 
and racemic acids, and maleic and inactive tartaric acids. According 
to the van *t Hoff-Le Bel view of these four acids, the oxidation of 
fumaric to racemic acid by means of potassium permanganate and 
maleic to mesotartaric acid, may be shown by the following formulae, 
which have a spacial significance (comp. p. 32) 

CO,H COall 

I I * 

H— •r— OH HO— *C— H 

I -f I 

no— H 11 -*( -OH 

I ' 

rOjH ( O2H 

Dextro tarlanc Acid + I a*v<)-l.irtaiir 

Acid = Racemic Acid. 

co,n 

I 

H-*CV -OH 

I 

H_*C- OH 

I 

ro,H 

Me^otaitaiir Acid. 

The oxidation of the two acids, based on stereochemical formulae, 
is so represented that upon severing the double linkage in fumaric 
acid by the addition of hydroxyl groups an equal number of mole- 
cules of dextro- and laevo-t artaric acid results, whilst by the rupture 
of the double linkage in maleic acid only mesotartaric acid is formed. 

Cognizant of this J. Wislicenus has sought to explain the conversion of 
maleic into fumaric acid by hydrochloiic acid in the following manner : In these 
two acids the two doiiblv-linkcd carbon atoms cannot rotate independently of each 
other, consequently not m opposite directions ; but when the double union is 
removed by the addition of two univalent atoms, then free rotation at the single 
bond can occur. Accordingly, J. Wtshcenus* explanation proceeds, in his own 
words, as follows : ** On account of the extreme ease with which maleic acid, 
in contrast to fumaric acid, lends itself to the formation of addition products 
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(B. 12, 2282), it first absorbs the elements of the mineral acids (g.g., HCl), and 
becomes converted into a substituted succinic acid, which, under the directing 
influence of the greater affinities, assumes the preferred configuration (in which 
similar groups are as far removed from each other as possible) by the rotation 
of the one system in opposition to the other, and then by the loss of HCl, under 
the influence partly of the water which is present and partly of the slight solubility 
of fumaric acid, the latter acid must result.** 


1I-— C--CO,H 


Maleic Acid. 


HClCO,H 

\l/ 

C 

Cl CO-H H 

c 

/l\ 

HIlCOjH 

C 

HltTbOgH 


— HCl 


Moiiuchlorosuccinic Acid 
iirevious to atu r rotation 

rol.uiun in the prufoned position. 


CO,H--C— H 

II 

H— C— CO,H 


Fumaric Acid. 


Only that intermediate product, monochlorosuccinic acid, is known in the free 
fondilioii, which is in picfcrred configuration. It is stable towards hydro- 
i liloric acid at 10 , and its nuiiydridc unites with water to form the originaracid, 
in.siead of yielding luiuaric acid, although in so doing the nionochloroscuccinic 
acid, as predicted by J. iyisl7cenus, in the conversion of malcic into fumaric acid 
would change, through rotation, from the less favourable to the preferred con- 
liguration (Anschutz, A. 254, io«S). This is by no means the only fact with which 
fhe preceding explanation of the mechanism of the reactions showing the conver- 
‘.ion of fumaric into inakic acid, and vice versa, clashes (comp. B. 20, 3306 ; 
24, K. 822 ; 24, 3020; 25, K. 41H ; 26, R. 177 ; A. 259, i ; 280, 226 ; J. pr. Ch. 
[2] 75, 105 ; sec also Z. phys. Ch. 48, 40). 

In the introduction to the unsaturated dicarboxylic acids it was shown that 
at least some of these acids could only exist in the anhydride form, as their 
hydrated forms broke down, in the moment ot their liberation from salts, into 
anhydrirles and water. These acids, the dialkyl maleic acids (p. 518), are intimately 
1. laled to malcic acid. The nionoalkyl aciOs (p. 516) are still capable of existing 
in hydrate form, although they change more easily than maleic acid to their 
aiihydiides Consideiing the analogy with carbonic acid, the salts of the dialkyl 
maleic acids may be viewed as being derivatives of a hypothetical acid hydrate, 
in which the two hydrox\d gioups arc altach<*d to the same carbon atom, and this 
view may be considered to prevail with malcic acid and with the monoalkyl 
maleic acids, so similar to the dialkyl malcic acids. The assumption that fumaric 
acid is symnudrical rthvlenc dicarboxylic acid and maleic acid the 7-dihydroxyl- 
aelone corresponding witli this dicarboxylic acid in no wise renders a stereochemical 
foimulation of the two acids impossible. Probably the stcreochemically diifcrcnt 
aricingcmcnt and position, in the chemical structure, of the atoms contained in 
both acids, mutuaJl)'' inlliKiice each other (A. 254, 168) : 

/OH 

H.C.COOH H.C.C^OH 

CO,H.C.H H.CO 

inuiuiK' Acid. Mxloic Acid. 


However, even this view, as yet, does not allord a satisfactory explanation of 
the reactions by which these acids are converted into each other. Consult A. 289, 
1 61, for the history of the isomerism of fumaric and malcic acids. 

The various ideas as to tlio cause of the isomerism of* fumaric and maleic 
acids are connected with the question as to the nature of the double linkage 

Finally, attention may be directed to the difference in the heat of combustion 
of the acids. This would indicate that the energy present in the acids, in the form 
of atomic motion, is markedly different. " This fact suggests the possibility that 
the cause of the isomerism is not to be sought exclusively in the varying arrange- 
ment of the adorns, nor in their diflerent spacial positions, but also in the varying 
VOL. I. 2 L 
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magnitude of the motion of the atoms (or atom complexes) *' It is also po^ible 
to imagine a case in which the isomerism would only be influenced by the differ- 
ence in energy content — a case in which there might be perfect similarity in linkage 
and also in the spacial arrangement of the atoms.** 

In addition to structural and spacial isomerism, there is the hypothesis of 
energy or dynamical isomerism (I'anatar, A. 273, 54 ; B. 11, 1027 ; 29, 1300), to 
which this name is more applicable than to that to which attention has been 
drawn in connection with the sym.-dialkyl succinic acids (p. 494). Klinger 
proposes the name " alloergatia ** (from ergasia or ergatia) for that type of iso- 
merism when molecules of the same weight and chemical construction contain 
unequal quantities of energy (B. 32, 2194). 

It is by no means eshiblished that fumaric acid is not a polymeric modification 
of maleic acid. That their vapour densities are the same proves noth mg on this 
point, inasmuch as the vapour densities of racemic and tartaric esters are identical, 
and yet the molecule of solid racemic acid consists of a molecule each of dextro- 
and laevo-tartaric acids. The same remarks are true in regard to the results 
obtained by the freezing-point depressions. 


Haloid Fumaric and MaleYc Acids 

Monochlorofumaric Acid, C4H3CIO4, m.p. 192®, results (i) from 
tartaric acid and PCI5 or PCI3 ; (2) from the two dichlorosuccinic 
acids ; (3) from acetylene dicarboxylic acid and fuming nitric acid. 
Monochloromaleic Acid, m.p. 106® ; anhydride, m.p. 0° and 34®, b.p.790 
197®, b.p.25 95®, is produced when acetyl chloride acts on chloro- 
fumaric acid, and when isodichlorosuccinic anhydride is heated (A. 
280, 222). 


Monobromofumarlc Add. C 4 HaBr 04 , m.p. 179®, is produced from ficetylene 
dicarbonic acid and HBr ; and from isodibroraosuccinic acid and boiling water. 
Monobromomaleic Acid, m.p. 128°, is formed when dibromosuccinic acid — the 
addition product of bromine and fumaric acid — is boiled with water ; ester, b.p.i^ 
140®, is prepared from dibromosuccinic ester and quinoline (C. 100$, I. 26); 
anhydride, b.p. 215®, is prepared by heating isodibroraosuccinic anhydride and 
dibromosuccinic acid, cither alone or with acetic anhydride or acetyl chloride. 
The action of H13r is to produce bromofumaric .acid and some dibromosuccinic 
acid. Monoiodofti marie acid, m.p. 183® (B. 15, 2097). 

Dtchloromaleic Acid, €401211204, results when hexachlorO’p-diheto-R-hexene, 

CO<^Q ~CQ perchloracetyl acrylic acid, CCljCO.CCl-xCCl.COjH 

(p. 425), are decomposed by sodium hydroxide (A. 267, 20 ; B. 25, 2230). On the 
application of heat it passes into the anhydride, C,C1 2(00)20, m.p. 120®. POl, 
converts succinic chloride into two isomeric dtchloromaleic chlorides (B. 18, R. 184 ; 
C. 1900, 1. 404). Its imide, 02Cl2(COa)aNH, m.p. 179®, is obtained when succinimide 
is heated in a current of chlorine. One molecule of POlj changes the imide to 
Dichloromaleimmide Chloride (i), m.p. 148®, which is also formed from POI5 and 
succinimide. Aniline converts it into dichloromaleimmide anil (2), m.p. 152®. 
Two molecules of POI4 transform dichloromaleinimide into pentachloropyrrole (3), 

bPioOO-S®: 


CCl— CCl,v 

(I) II _ >NH 

CCl—CO ^ 


CClC(NC,H5k 

(2) II 3 nh 

cx:i.co — 



DichloromaJcin Anil, C2Cl2(CO),NOgH,, m.p. 203*, is formed when dichloro- 
malefti anil cblo’idc is boikd with glacial acttic acid or water. 

Dichloromalein Anil Chloride, m.p. 124®, b.p.,i 179®, is produced, together wiA 
Tetrachloro-n-phenyl Pyrrole, m.p. 93®, on treating succinanil with POl,. By re- 
duction it yields S-anilidobutyrolactam (see Succinimide, p. 497). Alcohols 
convert it into dialkyl esters; Dichloromalein Anil Dimethyl Ester, m.p. zxo®; 
whilst with aniline it yields Dichloromalein Dianil, m.p. 187® (A. 295, 27) : 



ITACONIC ACID 


s*i 


CH, CO 4PCI, 

I >NC.H, 

CH,CO 

Succinanil 

I >N 0 ,H, 

001=00 

D PbCDyl TetrachJorop)rrrole 


CCl CCli 

> .11 >NC,H,- 

I <000 

Dichlormalemanil 

Cblonde 

'•'001 0(O0H,), 

II >N0,H. 
COlOO 

Dicblormalcin Anil 
Dimetbyl Ester 


H 


CHg— CH, 

■> T >NC,H, 

CH,— CO 

Y Anilidobutvro- 
lactaoi 

001 0 =N 0 ,H. 

II >NC,H, 

on 00 

Dicblormaleln Dianil 


Dlbromomaleic Acid, C,6r,(CO,H), mp 120-125*’, is obtained by acting 
on succinic acid \Mth Br (C 1900 I 404) or by the oxidation of mucobromic acid 
with bromine water silver oxide or nitiic acid It is very readily soluble, and 
leadily forms the C,Br,(C 0),0 mp 115® (B 18,736) Chlorcbromo- 

maleic Actd see B 29 , R 186 

Dibromofumaric Acid m p 219-222*’, and dt todofumartc actd decomposes 
at 192^ arc addition products of bromine and iodine with acetylene dicarboxylic 
acid (B 12,2213 24 , 4118) Chlonodofumartc Actd mp 227® with decom- 

position unites with chlorine to form an todosochlonde (i) (comp p 135) It 
reacts with alcohol losing CO, and forms chloracrylic acid lodosochloride (2), 
which with hot water, yields lodosochlovacfyltc actd (3) and finally this, with 
glacial acetic acid to form lodosochloracrylic acid acetate (4) (B 88, 2842) 


(I) 

( 3 ) 


CIC — co>. 

ll--> 


HOCOC I(C 1 V 

uc~co 


\r 


HU(OH)^ 


■> (2) 

> (4) 


CIC- COv 

II >0 — 

HCl(Cl) ^ 

CIC COv 

II >0 

HCI(OCOCH,)/ 




Acids, ( 5 Hfl 04 =C 3 H 4 (C 02 H) 2 — Eight dicarboxylic acidb, having 
this loimula, aic known There are four unsaturated acids isomenc 
with ttliA lident malonic acid described on p 508 : (i) Itacomc actd, 
(2) Ctlracomc actd (3) Ml itacomc acid (4) Glutacomc actd, and three 
trimethyknc dicarboxylic tt^ds Mesaconic and citraconic acids bear 
the same ulation to each other as fumaric to maleic acid They show 
‘imilcir conversions of one into the other, which, however, occur less 
readily than in the case of the latter acids (B 27, R 412) The in- 
troduction of the methyl group very considerably increases the tendency 
of citraconic acid to break down into its anhydride and water This 
takes plan at 100® unde 1 diminished pressure (comp Chloral Hydrate) 
Mcsaconic acid is more t as ly changed by acetyl chloride to citraconic 
anhydude than fumaric acid to maleic anhydiide Furthermore 
maleic anhydride combines more readily and therefore more rapidly, 
with water than citraconic anhydride 

rH,=C— COOH 

Itaconle Acid, Methylene Succtntc Actd \ . xn p 161® is pro- 

CH, COOH 

duced fiom its anhydride by combination with water , or by heating citraconic 
anhydride with 3 to 4 parts of water at 150®, whereby the citraconic anhydride is 
first transformed into itaconic anhydride which is then converted info the acid 
Jt IS not volatile m steam Hydrogen converts it into pyrotartanc acid and per- 
manganate into hydroxyparaconic acid {qv) (A 805 , 41) When electrolyzed 
it is decomposed into sym -allylcne or allcne CH,=C=CH, (p 90) When boiled 
with aniline it forms pseudottaconamltc actd the lact im of y amlinopyro-tartanc 
aad (p 556) (A 254 , 129) On the addition of HBr and Br„ see pp 50O4 

Itaconic Dimethyl Ester m p 38® b p 1, 108®, when not quite pure, poly^ 
menses into a glassy vanetv possessing a strong refractive index (B 14 , 2787; 
A 248 , 203 , B 88, 691) Itaconic Mono esters (B 80 , 2O49) 
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CH*=.C CO\ 

' Itaconic Anhydride, I /O, nup. 68*, b.p a* Its name is 

CHa— CO^ 

formed by interchanging the syllables of aconitic acid. Itaconic anhydride is- 
obtained from the hydrate (B. 13 , 15 ^9), and from the silver salt by means of 
acetyl chloride (B. 13 , 1844). It has been found in the distillate obtained 
when citric acid is heated (B. 13 , 154^). and is probably produced by the de- 
composition of the aconitic acid which is first formed. It crystallizes from 
chloroform. When distilled at ordinary pressures it passes into citraconic 
anhyilride, which unites with water far less readily than itaconic anhydride. 

Itaconanilic Acid, m p. 151*5 (A. 254 , 140). 

Citraconic Acid. Methyl Maleic Acid, m.p. 91®, is formed when its anhydride 
takes up water. Tlie acid itself is soluble in water. Its volatility in steam is 
duo to its decomposition below ioo° into water and the anhydride wdiich vola- 
tilises. It resembles mesaconic acid in its behaviour towards KMn04 (below). 

CHjCCO^ 

Citraconic Anhydride, || >0 m.p. 7®, b.p. 213®, is found among the 

Hc:co^ 

distillation products of citric acid, probably through the transformation of the 
first- formed itaconic anhydride. It is foimcd when cit.’-aconic acid or m«\sa conic 
acid is heated alone ; and when treated with acetyl cliloride. Prolonged heating 
at about 200® changes it partly into Xeronic Acid or diethyl maleic anhydride 
(p- 5^9)* Bromi citraconic Anhydride, m.p. 99° (B. 27 , 1S55). 

Hydrogen converts citraconic and mcsaconic acids (below) into pyrotartaric 
acid. Addition products with hedogems and halogen acids have been examined 
already as substitution products of pyrotartaric acid (pp. 500, 501). Either acid, 
when electrolyzed, yields allylene, CH3C 33 H (p. 90). 

Citraconanilic Acid, m.p. 153° (A. 254 , 135). 

Citraconanil, m.p. gS® (B. 23 , 2979 ; 24 , 314). 

Mesaconic Acid, Methyl Fumanc Acid, IJydroxytetrinic Acid, C3H4(COjH)j, 
m.p. 202°, is formed wJitii citraconic or itaconic acid is heated with a small 
quantity of water at 200® ; by the action of sunlight on an cthcr-chloroform 
solution of citraconic acid, containing a trace of bromine ; by heating citraconic 
acid with dilute nitric acid, concentrated h.\log( n acids, or concentrated sodium 
hydroxide solution (A. 269 , 182 ; B. 27 , R. 412) (comp, a- and j 3 -Methyl Malic 
Acid, pp. 556, 557) : and from dibromomethyl acetoacetic acid (p. 420). It is 
soluble with dilficulty in water, and is non-volatile in steam. KMnO^ oxidizes 
it to pyroraceinic and oxalic acids (A. 305 , 407) ; barium salt, r5lf404Ba-l-4H20 ; 
dimethyl ester, b.p. 203° ; diethyl ester, b.p. 229°. 

Th(i relation between the results of partial hydrolysis and <>. rsterificatioii of 
the mesaconic acids have been investigated in detail. Hydrob ^is of the di-alkyl 
esb'r yields a-Mesaconic Monomethyl Ester, m.p. 84®, and mono-ethyl ester, m.p. 68®, 
H()CO-CH : C(CHj)COOR ; whilst jiartial esterification yiild.^ a mixture of 
a-iuesaconic acid esters and ^-Mesaconic Monomethyl Ester, m.p. 52®, and mono- 
ethyl ester, m.p. 67®, HOCO.C(CH3) : CHCOOR. The structure of the latter 
bodies is dcmoiisti ated by their being prepared in a state of purity when y-dibromo- 
o-methyl acetoacetic ester (p. 420) is boiled with water and barium carbonate. 
The a- acid esters are weaker acids than the j8-compounds m wliich the free 
carboxyl group is united to a quarternary carbon atom ; in the dialkyl esters 
this group is more difficult to hydrolyze. The acid -esters give rise to a corre- 
sponding senes of mono-ester acid chlorides, amides, anilides, ote. 

Mesaconyl Chloride, C 10 C.C(CH 8 ): CHCOCl, b.p., 4 65®, reads with two mole- 
cules of aniline and forms a-mesaconanilide acid chloride, C 10 C.C(CIl 8 ) : CHCONH- 
C4H, (A. 368 , 139 ). 

Bromomesaconic Acid, m.p. 220® (B. 27 , 1851, 2x30). 

The Homolo^ues of Itaconic, Citraconic, Mesaconic and Aticonic Acids have 
become known mainly by the painstaking investigations of Ji. Fittig and his co- 
workers (A. 304 , 1 17; 305 , i); they will be described before the glutaconic 
acids which are homologous with the above-named acids. 

The parent substances from which these acids are formed are the alkyl 
paraconic acids (p. 557), which are prepared by condensation of aldehydes with 
succinic acid or pyrotartaric acid by means of acetic anhydride. On distillation 
they yield unsaturated monobasic acids, and anhydrides of two acids of the 
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itaconic and citraconic series isomeric with the particular paraconic acid employed . 
If the alkyl paraconic esters ase warmed with sodium alcoholate in alcoholic 
solution they are converted into the sodium salts of tlie corresponding itaconic 
mono-esters, from which the acids themselves are obtained by hydrolysis (A. 255, 
56 ; 256, 50). Thus, terebic acid and sodium ethoxidc produce teraconic acid ; 
and similarly y-dimethyl paraconic acid yields y-dimethyl itaconic acid: 

CO,C,H, COjCjH, 

CH>C— ^H— CH,+NaOC,H, - 

(lo,Na 


Alkyl itaconic acids when heated alone are converted into the anhydrides of 
alkyl citraconic acids. Alkyl citraconic acids become changed into alkyl itaconic 
acids when heated with water at 1 30-1 50®. This depends on the decomposition 
of the alkyl citraconic acids into anhydride and water below its boiling point, 
and the gradual transformation of this anhydride at a somewhat higher tempera- 
ture into itaconic anhydride, which lakrs up water to form the stable acid. 

The alkyl citraconic acids are easily converted into the corresponding alkyl 
mesaconic acids by the action of sunlight on an ether-chloroform solution of the 
acids to which a little bromine had been added. 

When the alkyl itaconic acids are boiled with sodium hydroxide solution, the 
position of the double bond becomes changed, and there arc produced alkyl 
mesaconic acids and a new^ scries of isomeric acids named by Fittig, alkyl aliconic 
acids. The reaction is, however, not a general one, since y-methyl itaconic acid 
is stable towards boiling sodium hydroxide solution, whilst y-dimethyl itaconic 
acid readily yields the aticonic acid (A. 830, 292). The alkyl aticonic acids when 
boiled with sodium hydroxide solution pass mainly into the alkyl itaconic acids, 
so that ultimately a point of equilibrium is reached which is not changed by 
further boiling. 

A mixy ire of alkyl itaconic and alkyl aticonic acids (or alkylidcne pyrotarlaric 
acids) also result from the condensation of keton<*s, such as acetone and alkyl 
methyl ketone, wdth succinic acid ester by means of sodium methoxide (Stohhe, 
B.30,94; A. 321,83). 

Aromatic itaconic and aticonic acids can be prepared by the two nucleus- 
syntlK'tic methods (Vol. IT.). 

Tile alkyl itaconic and alkyl mesaconic acids are as little volatile in steam as 
the itaconic and mesaconic acids themselves, whilst of the alkyl citraconic acids, 
some arc only obtained as anhydrides, and others are dissociatid into the 
anhydride and water below too®, like citraconic acid ; these anhydrides are 
volatile in steam. The calcium and barium salts of the alkyl mesaconic acids 
are readily soluble in water, whilst the corresponding alkyl itaconic acid salts 
dissolve with ilifficulty. 

The itaconic acids are converted into the paraconic acids, from which they 
were prepared, by heating with hydrochloric or hydrobromic acids and by suitable 
treatment with sulphuric acid. The i.sopropyl itaconic acid alone behaves 
exceptionally, by yielding isopropyl isoparaconic acid, isomeric with the original 
isopropyl paraconic acid : 



Isopiopyl Paraconic Acid. sopropyl Itaconic Anhydride. Isopropyl Itaconic Acid. 


Uh 


■I;"*>CH.CH,C— COv 1- 

CJrl, II \q Utl3 I 

CH.CO^ 0 


3--CH.CH,C0,H 


Isopropyl Citraconic Anhydride, 


CO 

Isopropyl Isoparaconic Add. 


Reduction with sodium amalgam converts the alkyl itaconic, alkyl citraconic, 
and alkyl mesaconic acids into the corresponding succinic acids, the first acid 
reacting least readily than the third, and the second most easily of all three. 
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^ Homologous Itaeonle Aelds. 

• CH,.CH«-C.COtH 

y-Methyl Itaconic Acid, Ethylidene Succinic Acid, 1 m.p. 

CHaCOjH 

165®. y-Ethyl Itaconic Acid, m.p. 162®. y-n-Propyl Itaconic Acid, m.p. 159** 
y-Isopropyl Itaconic Acid, m.\i 1S9®. y-Isohutylltaconic Acid, , y-n.- 

Hexyl Itaconic Acid, mp 129®. Teraconic Acid, y^Dimethyl Itaconic Acid. 
(CHs),C=.C.CO,H. 

I m.p. 162®, is prepared from terebic acid (p. 517, and 

CH.COjH 

Vol. II.) ; and by the condensation of succinic ester and acetone by means of 
sodium ethoxide(B. 36, 197; J- pr- Ch. {2] 67, 197). Hydrobromic or sulphuiic 
acid reconverts it into terebic acid ; water at 190® decomposes it into COj and 
isocaprolactonc (C. i88t), I. 780); anhydride, b.p. 275®. y-Methyl Ethyl Itaconic 
acid, m.p. i8i® with decomposition. 

CHa=C.COaH 

(h-M ethyl Itaconic Acid, | m.p, 150®, is ol)taincd from pyro- 

CHs— CH.COjH 

cinchonic acid (below) ; anhydride, m.p. 6j®, is produced by healing anhyvlro- 
methyl aconitic acid (C. 1906, II. 21). ^ 

CH*=c— coon, 

aa-Dimethyl Itaconic Acid, | m.p. 141®, is prepared from 

(CHslaCCOOII 

o-bromotrimethyl succinic acid and diethyl aniline ; anhydnde, b.p. 2 10-21 5® ; 
diethyl ester, b.p. ao 127® (C. 1902, I. 180 ; 1904, 1. 434). 

ay-Dimcthyl Itaconic Acid, CH3CH : C(COOH).CH(CITa)rOOH. m.p. 202® 
{anhydride, b.p.** 131®) and a-Ethyl Itaconic Acid, CHa : C(COOH).CH(CaH5)COOH 
{anhydride, m.p. 52), result from boiling methyl ethyl maleic acid (p. 519) with 
sodium hydroxide solution; the former also, from ay-dimethyl paraconic acid 
by boiling it with NaOCallg solution (13. 39, 1535). The alkyl itaconic acids 
mostly have no sharp meltiin^ points, owing to their tendency to form anliyd rides. 
Homologous Citraconic Acids, Alkyl Maleic Acids, " 

CH,— CHa—C— COaH 

y-Methyl Citraconic Acid, Ethyl Maleic Acid, || , m.p. 100®, 

Cfl.COaH 

can aLso be obtained by heating jS-ethyl malic acid (B. 37, 2382; 38, 2737) ; 
anhydride, b.p. 229®, is obtained from ethyl fumaric acid, p. 519) by heating it 
with acetyl chloride. When vapourised with ammonium it foims the imtde, 
m.p. 141®. y-Ethyl Citraconic Acid, n-Propyl Maleic Acid, m.p. 94®; anhydride, 
b.p. 224®. y-Propyl Citraconic Acid, m.p. 80®. y-lsopropyl Citraconic Acid, 
m.p. 78®. y-Isobutyl Citraconic Acid, m.p. 75®. y-Hexvl Citraconic Acid, m.p. 86®. 

(CI1,)2CH.C— CO. 

y-Dimethyl Citraconic Anhydride, || pO, m.p. 5®, b.p.,i 138® 

CH.CO/ 

(C. 1899, 1. 668, 780). 

The y-alkyl citraconic acids or monoalkyl mal^c acids do not melt sharply 
on account of the formation of anhydrides. The a-alkyl citraconic or. dialkyl 
maleic acids only exist as anhydrides, which are formed when the acid is liberated 
from its salts by stronger acids. 

Pyroelnehonic Anhydride, Dimethyl Maleic Anhydride, a-M ethyl Citraconic 
CH,.CCO. 

Anhydride, || pO, m.p. 96®, b.p. 223®, is formed when cinchonic acid 
OH ,.CCO' 

(^.9.) is heated : 

CO,H CO.O.CO 

V I -H,0 I I 

CH,.CH.CH.CO,H ^CH,C=C 

11 -‘'O* I 

CO— O— ( H, CH, 

Cinchonic Acid. Pjrocinchonic Anhydride. 

It also results, together with terebic acid, when turpentine oil is oxidized with 
nitric acid ; from a-dichloro- and a-dibromo-propionic acid and silver (B. 18 , 826, 
^35) *1 by condensation of pyroracemic acid and sodium succinite by means of 
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acetic anhydnde (A. 804 , 158) , by distillation ol aj 9 -dimethyl malic acid (p 55^) 
under reduced pressure (a method of preparation) , by distillation of anhydro*^ 
methyl aconitic acid (C i9<^6, II 21) 

Dimethyl ester, b p, 219*. and diethyl ester, b p 237*. are prepared from silver 
pyrocinchonate and lodo-alkyls (B 33 , 1410) The solution of pyrocinchomc 
anhydnde reacts strongly acid and decom^scs alkali salts forming pyrocincho- 
nates. the constitution of which has already (p 51 )) been discussed. Feme 
chloride produces a dark red coloration in pyrocinchomc anhydride solutions 
Reduction produces two dimethyl succinic acids (p 494) It unites with chlorme 
to form dimethyl dichlorosuccmic anhydride (B 26 , R 190) When boiled with 
20 per cent sodium hydroxide solution, pyrocinchomc acid is converted into 
dimethyl fiimanc acid and j 3 -methyl itacomc acid (A 304 , 156) Pyrocinchomc 
ester, when heated with alcoholic ammonia, yields ammo-dimethyl-succmimide 
(P 55j) BXid pyrociiichonimide mp 119® (B 83,1408) which, on hydrolysis yields, 
in part, j8~mcthyl itacomc acid 

Methyl Ethyl Maleic Anhydride, b p. 236®, is formed by condensation of pyro- 
tartaiic acid and pvroracemic acid, by means of acetic anhydride (A 267 , 214) , 
by distillation of cn/-dimethyl paraconic acid whereby a-methyl j8y-pentmic acid 
IS also formed (B 39 , 1535) « by the slow distillation of methyl ethyl malic acid , 
tmide, m p 6/® dimethyl ester b p 235® Ihe imtde and anhydride can also be 
0] ainrd from the dcstpuction of hxmatm or hsematimc acid (comp, haemoglobin) 
(A 345 , 1) 

Methyl Propyl Maleic Anhydride, bp 242® (imide, mp 57®) and Methyl 
Isopropyl Maleic Anhydnde bp 241® (imtde m p 45®) arc obtained from methyl 
propyl and methyl isopropyl malic acid (A 346 , i) 

Xeronic Anhydride, Diethyl Maleic Anhydnde, bp. 242®, is prepared by 
healing Cl tiaconic anhydride (A 346 , i) 

Homologous Mesaconlc Acids, Alkyl humane Acids For the formation of 
alkyl mesacomc acids from the coiiesponding alkyl itacomc and alkyl citraconic 
acids seep ‘>^7 

llu pu acts of reaction of alcoholic potassium hydroxide and the y dibromo- 
Jen vatiA cs of monoalkyl acelo icetic estc r belong to t hr Ikyl fumaiic acid senes 
(C 1890 I 780), hydroxvlcLiinic acid being me aconic acid, and hydroxy- 
penlinic acid being ethyl tiimaric acid, etc (p 420) 

The reaction is most simply explained by the assumption that keto- or hydroxy- 
aldehydic it ids arc first formed, which are then converted into unsaturated car- 
box>lic acids (B 32 , 100^) 


XjCH C OCIIR' CO^R OCH CO CHR' COjR 


OCHC(OH)=CR'CO,R- 


•CO,HCH CR'CO,R. 


Also, monoalkyl fumaiic acids are obtained from monoalkyl ethane tn- 
carboxy he acids by the introduction of halogen and subsequent splitting off of 
halogeq acid and CO, (B 24 , 200S). 

Ethyl Fumaric Acid, y Vlithyl Mesacomc Acid,m^ 194®* n -Propyl Fumanc 
Acid, y-Ethyl Mesacomc Acid, mp 174® Isopropyl humane Acid, y Dimethyl 
Mesacomc Acid, mp 184® n -Butyl Fumanc Acid, y-Propyl Mesacomc Acid, 
mp 170® y-Isopropvl Mesacomc Acid, mp 185® y-Isobuty I Mesacomc Acid, 
mp 205® y-Hexyl Mesacomc Acid mp 153® 

Dimethyl Fumanc Acid a Methyl Mesacomc Acid, mp 239®, diethyl ester, 
bp 235®, IS formed when diazopropionic ester is heated (p 410) (B 87 , 
1272) 

Aticonie Acids. — For the formation of these acids from the alkjlit romc 
acids by synthetic methods, see p 517 Dimethyl Aticomt Acid, i ^ 

Succinic Acid, y-Methyl Methylene Pyrotartanc Acid, , 

mp 140®, results when teraconic acid is boiled with sodium hydroxide saluv'v 
tion. Isobutyl Aticomc Acid, ^-Isopropyl Vinyl Succinic Acid, ;:h;>chch- 




® Hexyl Aticomc Acid, 2-Amyl Vinyl Succinic Acid, 
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(C. X903, II. 13x5). aBy-Trimethyl Glutaconic Acid, m.p. 127* ; anhydtide, m.p. 
, tT9® ; imide, m.p. 180*^ (C. 1906, I. 185). , 

Hydromuconle Acids. 

o^-acid : CO.H.CHaCH.CH^CHCOjH, m.p. idg*. stable form. 

) 3 y-acid : COaH.CIlaCH-CH.CHaCOaH, m.p. 195®, labile form. 

The labile acid is formed by the reduction of dichloro mu conic acid or muconic 
acid (below), and of diacetylene carboxylic acid (p. 523). It dissolves with 
difficulty in cold water, and is oxidised to malonic acid by potassiiiin per- 
manganate. When boiled with sodium hydroxide solution it is transformed into 
the stable acid, which is oxidised to succinic acid by permanganate. Sodium 
amalgam converts the labile acid into the stable form and reduces this to adipic 
acid (p. 505). Bichlorides and Dimethylene ester (C. 1901, II. 1 119). 

orMethylene Glutaric Acid, CH, : C(COOH)CH2.CH2COa.H, m.p. 129-130®, 
and a-Ethylidene p-Methyl Glutaric Acid, CHj.CH : C(COaH)CH(CHj)CH,C02H, 
m.p. 129®. Th(' esters of these acids are obtained by the polymerisation of acrylic 
and crotonic acids respectively (pp. 294, 295) by means of sodium alcoholate 
(B. 83 , 3766 ; 34 , 427). a-Methylene glutaric acid is also formed by the dis- 
tillation of a-methyl a-hydroxy valeric acid (B. 86, 1202). Suitable methods of 
reduction convert these acids into a-methyl glutaric acid and a-ethyl j8-methyl 
glutaric acids respectively. 

a-Ethylidene Glutaric Acid, CHjCH : C(COOH)CHaCH8C02H, m.p. 152®, see 
8-Caprolactone Carboxylic Acid (p. 560). Sodium hydroxide solution converts 
it into a-Vinyl Glutaric acid, CHa:CH.CH(COaH)CHaCHaCOaH, m.p. 97® (Bt 31 , 
2000). 

Ihoamylidene Glutaric And, (CIl3)2CllCH2CH : C(C02H)rH2^ m.p. 

13®, is formed together with diisovalerylidene glutaric acid (see below). 

Allyl Succinic Acid, CHa: CH.CH2CH(COaH)CHjC02ll, m.p. 94®, is prepared 
from allyl ethylene tricarboxylic ester (B. 16, 333). Allyl Methyl- and Allyl- 
Ethyl Succinic Acid, see B. 25, 488. 

C. Dioleflne Dlcarboxylic Acids. 

Diallyl Malonic Acid, (C[la=CHCH8)2C(COjH)2, m.p. 133®, with hydrobromic 
CHa.CHa.CHa.C.CHj.CH.jCH, 

acid yields a dilactone, I A I . It breaks down into 

6 CO CO o 

CO 2 and diallyl acetic acid when heated (p. 306). 

Muconic Acid, C02H.cn=ClI — CH— CH.CO2H, m.p. 292°. A\ith decomposi- 
tion, is lormed when alcoliolii potassium hydroxide acts on the dibromide of 
) 5 y-hydromuconic acid; also, synthetically, from glyoxal and two molecules of 
malonic acid by means of pyridine ; dimethyl ester, m.p. T58® (B. 35 , 1147). Di- 
chloromuconic Acid, 0511401204, results when PCI5 acts on mucic acid (B. 24 , 
U. 629). It yields ]8y-hydromuconic acid with sodium amalgam (B. 23 , R. 232). 
Dichloromiiconic Acid Bichloride, and Dimethyl Ester (C. 1901, II. 1119). 

Isomeric muconic acids are not known. 

CH2:C.C00H 

Dimethylene Succinic Acid, I may be considered as being the 

CH,:C.COOH 

parent substance of a large number of strongly coloured well-crystallising acids 
of the aromatic series (Vol. II.). It easily passes into a more deeply coloured 
anhydride, and exhibits a reversible diflerencc of state in violet and ultra-violet 
light (p. 63). Therefore Stobbe named the hypothetical acid Fulgenic Acid 
(fulgere=to shine) and the anhydride fulgide. The lesser known aliphatic 
fulgenic acids and fulgidcs are colourless (A. 359 , i, etc.). 

Diisopropylidene Succinic Acid, aahh-Tetramethyl Fulgenic Acid, (CH,)^:- 
C(COOH).C(COOH) : C(CH8)2, ™-P- 230® with decomposition, and Isopropylidene 
Isobutylidene Succinic Acid, aaZ-Dimethyl Isopropyl Fulgenic Acid, (CH,),C:- 
C(COOH)C(C 001 ?I) : CIlCII(Cll8)j, m.p. 226® with decomposition, result from 
the reaction of teraconic ester and acetone or isobutyl aldehyde respectively, 
with sodium ethoxide. The anhydrides, m.ps. 59® and 72®, are formed by means 
of acetyl chloride (B. 38 , ^67^, 3683). 

Diisovaleral Glutaric Acid, CH2[C(COjH):CHCHjCH(CH,),],, m.p. 220®, and 
is obtained from glutaric acid and isovaleraldehyde with acetic anhydride and 
sodium ethoxide op sodium (A. 282, 357). 
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D. Aeetyltne and Polyaeetylene Dlearbozylle Acids. 

Acetylene Dlearbozylle Aeld, C02H.C=C.C0aH=h2H,0, m.p. 175* with 
decomposition, is obtained when aqueous or alcoholic potassium hydroxide acts 
on dibromo- and isodibromo-succinic acid (A. 272 , 127). It effloresces on 
exposure. The anhydrous acid crystallises from ether in thick plates. The add 
unites with the halogen ^cids to form halogen f umaric acids, whilst with bromine 
and iodine it yields dihalogen f umaric acids (p. 51 5)> Its esters unite with bromine 
and form dibromomaleac ellers and dibromof umaric esters (B. 25 , R. 855). With 
water they yield oxalacetic ester (B. 22 , 2929). They combine with phenyl- 
hydrazine and hydrazine, forming the same pyrazolone derivatives as oxalacetic 
ester (B. 26 , 1719); and with diazobenzcnc imide they form phenyltriazole 
dicarboxylic ester (B. 26 , R. 585). Oxalacetic ester and acetylene dicarboxylic 
ester are condensed by alcoholic potassium hydroxide to aconitic ester (B. 24 , 127). 
(See also Acetoxymaleic Anhydride, p. 565.) The primary potassium salt, C4O4HK. 
is not very soluble in water, and when heated decomposes into COt and potassium 
propiolate (p. 303) ; stiver salt breaks down readily into CO* and silver acetylide 
(A. 272 , 139); diethyl ester, b.p.,, 145-148®, is obtained from dibromosuccinic 
ester with sodium cthoxidc (B. 26 , R. 706). (Sec also Thiophene Tetracarboxylic 
Esters.) 

Glutfnle Aeld, CO*FLC=C.CH,.COjH, m.p. 145® with evolution of carbon 
dioxide, is obtained by tnc action of alcoholic potassium hydroxide (B. 20 , X47) 
upon chloioglutaconic acid (p. 520). 

Diacetylene Dlcarboxylio Acid, COjH.CS:— C=C.C 0 ,H-f-H* 0 , is made by 
the action of potasMum fcrncyanide on the copper compound of propiolic 
acid (B. 18 , 678, 22G9) It assumes a dark red colour on exposure to light, and at 
177® explodes with a loud report. Sodium amalgam reduces it to hydromuconic 
acid, and at the same time splits it up into adipic and propionic acids. The 
ethyl ester ^ b.p 200 1^4®- Zinc and hydrochloric acid decompose it and yield 
propargylic ester (p. ^o^). 

Tetra-acetylene Dicarboxylic Acid, C02H.C=:C C=C.C=C.C=C.C02H. Carbon 
dioxide esc i.pcs on digesting the acid sodium salt ot diacetylene dicarboxylic acid 
with wateV, and theie is formed the sodium salt of diacetylene monocarhoxylic 
acid, CH^ri.CIHCOjNa, which cannot be obtained in a free condition. When 
potassium ferricyrinide acts on the copper compound of this acid, tetra-acetylene 
dicarboxylic acid is formed. This fiystallizcs from ether in beautiful needles, 
rapidlv elarkening on exposure to li dit and exploding violently when heated. 
Consult B. 18 , 2277, for an experiment made to explain the explosibility of this 
derivative. 


V. TRIHYDRIC ALCOHOLS: GLYCEROLS AND THEIR 
OXIDATION PRODUCTS 

The*triliydric alcohols, or glycerols, and their oxidation products 
are connected with the dihydric alcohols (glycols) and their oxidation 
products. 

The glycerols, so-called after their most important member, are 
obtained from the hydrocarbons by the substitution of three hydroxyl 
groups for three hydrogen atoms, linked to different carbon atoms. 
As the number of hydroxyl groups increases, the number of theoreti- 
cally possible classes of glycerols, in contrast to the glycijls, also becomes 
greater. The number of possible classes of oxidation products also 
grows accordingly, and in the case of the trihydric alcohols this number 
is 19. However, this chapter of organic chem stry has been less regu- 
larly developed than that pertaining to the dihydnc derivatives, and 
it may be said that the glycerols serve, even to a less degree than the 
glycols, as parent bodies for the preparation of the various classes 
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J^elonging here, some of which are : dihydroxymonocarboocylic acids , 
monohydfoxydicarboxylic acids, diketone-ih^onocarboxylic acids, tricar- 
boxylic acids. 

Hydroxydialdehytles, hydroxydiketones, trialdehydes, aldehyde-diketones 
and triketones are represented to only a slight extent, if at all. I'he same may 
be said of the hydroxyaldchydc ketones, hydroxyaldehydic aciils, hydroxyketonic 
acids, aldehyde-carboxylic acids, and aldeliyde-ketonc-carboxylic acids. 


1 . TRIHYDRIC ALCOHOLS 

Glycerol stands at the head of this class, although it is not a tri- 
primary alcohol, but rather a diprimary-secondary alcohol. The 
simplest imaginable triprimaiy alcoliol would have the formula CH- 
(CH20H)3, and could be referred to trimethyl methane, CH(CH3)3, 
whereas glycerol is derived from propane, and considerir.g the structure 
of the carbon nucleus, it is the simplest trihydrio alcohol. 

Although it may appear unneccs*!ary to develop all the possible kin(f^ of 
trihydric alcohols and their oxidation products, as was done AVJtli the glycols, 
yet the oxidation products theoretically possible Irom gb'^cci ol will be deduced. 
By enlarging this scheme we really construct a comparative review of the oxygen 
compounds, obtainable from methane, ethane, and propane. 

It is also possible to tabulate the foimulae of tlie oxygen derivatives of a 
hydrocarbon in such manner that the hydrogen atoms may be regarded as re- 
placed, step by step, by hydroxyl groups, and wc may indicate the number of 
hydrogen atoms attached to one carbon atom, which have been replaced by 
hydroxyl groups.* 

Thus, in compounds containing more than one hydroxyl attacKed to the 
same carbon atom, numbers are employed to express the formulae of ortlio- 
derivatives, usuallv only stable in the foim of ethers. When a carbon atom of a 
hydrocarbon is joined to hydrogen, and no hydrogen atoms arc replaced by 
hydroxyl, this is expressed by a zero : 

Methane 




JI 

11 

III 

IV 


o 

^H 

I 

/OH 

2 

/OH 

/()J1 

.s 

/On 

^H 

4 

/OH 

^OH 




Ethane = CH a-CHa = oo 



I 

II 

111 

IV V 

VI 

oo 

CHa 

lO 

CHaOH 

1 

20 

II 

CH(OH)j 

1 

30 

, C(OHa) 

1 

22 32 

31 

CH(OH)a C (OH), 

33 

C(OH)a 

i 

CHa 

Clla 

1 

CIlj 

1 

CHa 

1 1 
CH(OH)a CH(OH) 

1 

. C(OH)a 



Cllj.OH 

CH(OH)a 

C(OH)a 

1 




‘ Cira.OH 

<!:h,oh 

CHaOH 



• The author is indebted to A. J. Baeyer in Munich for indicating this method 
of exposition, ** which has the great advantage of facilitating the derivation of 
tte possible hydroxyl compounds from the higher hydrocarbons, and also to 

make apparent the degree ot oxidation, i.e. the number of oxygen valencies which 
have entered.** 
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220; 
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120! 

301 
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3l2j 

lOI 

201 

202 

j *218 

222j 


III 

211 





! i2ii 




The following formulae correspond with these groups of numbers : 

I ; ooo Clfa-CHa-Cllg Propane 

loo CHaOlI.CHj.CHa n-Propyl Alcohol 

oio CH3.CllOH.CH5 Isopropyl Alcohol 

II : 200 CH(OH)2.CH2.CHa Propionic Aldehyde 

020 CIl3C(OH)2CH5 Acetone 

no CITpilCH.OH.CHj Propylme Glycol 

loT CH .jUil.C'y 2-^"^^aOH Tiimethylene Glycol 

III : C(OIl)3.ClIa.CH3 Propionic Acid 

210 CIl(011)2.CIl(0H)CHa Unknown (pp. 336, 340) 

201 CH(OH)2CH2.CIl20H jS-Hydroxypropionic Aldehyde 

T20 CH20II.C(OI1)oCI I3 Hydroxyacetone, Kctol 

TTi CHoOH.CHOlfc'HaOH Glycerol 

IV: jro C(UH)3.ClIOIl.(ll3 Lactic Acid 

(COHla.Clla.ClloOil Hydracrylic Acid 

220 CH(OH)a.C(OII)2.CUa Pyroracemic Aldehyde 

2^2 Cll(OH)a CHo.CT] (011)2 Pdalonic Dialdehyde (p. 347) 

21 r f:H(OH)a.Cll.OH.Cn30H (ilycerose 

12 1 CH20H.C(0lI)2.Cll20H J hiiydroxyacctonc 

V: C(OH)3.C(0H)2LT-r3 Pyrora comic Acid 

C(OH)3.CHa.Cn(OlI)a Formacetic Acid 

jii C(0H)5.CH0H.CH.0H Glyceric Acid 

221 ClI(OH)a.C(OH)a.l Ha-Oll Lnknown 

212 CH(OH)a.CH(C)H) CH(OH)2 Unknown 

VI: C(C)1I)3.CH2 r(OH)5 MalonicAcid 

^21 C(OH)g.C(OH)3.C'Ha^W Hydroxypyroracemic Acid (p. 543) 

^12 ('(Oll)3.CH0n.C'H(OH)2 Tartronic Somialdohyde (p. 543) 

22i CH(0li)a.C(0I{)2.CIl(01T)2 Mosoxalic Dialdehyde 

VII: i22 C(OH)a.C(OH)2.CIl(01T)2 Unknown 

313 C(0H)3.CH(0H).C(0H), Tartronic Acid 

VIII: 323 C(OH)B.C(OH)a.C(OH)3 Mesoxalic Acid 

Of the 29 possible hydroxyl substitution products of propane indicated in 
the abQve tables by numbers, five arc underlined, n-propyl alcohol, isopropyl 
alcohol, piopylenc glycol, trimethylene glycol and glycerol. The remaining 24 
can be looked on as being oxidation products of these. The dotted line connects 
those products with the parent substance. Two are derivable from n-propyl 
alcohol, one from isopropyl alcohol, five from propylene glycol and from trimethyl- 
ene glycol ; eleven from glycerol. The following table shows them rearranged 
according to their usual formulae — that is, their ortho- formulae minus water : 


CH5OH 

CHO 

CO,H 

1 

CH,OH 

CHO 

io 

1 

CO,H 

COgH 

(’H.OH 

CHOH 

do 

1 

do 

1 

<!:hoh 

I 

ai,oH 

(ill) 

Glycerol. 

CHjOlI 

(211) 

Glyceric 

Aldehyde. 

tn.oH 

( 3 ”)^ 

Glyceric Acid. 

CH3.OH 

(X2X) 

Dihydroxy- 

acetone. 

CHp.OH 

( 221 ) 

Unknown. 

Chj.oh 

(320 

Hydroxypyro- 
raccinic Acid. 

CHO 

_ V 3 ia) 
Tartronic 
Semialde^ 
hyde. 
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CHO 

1 

COgH 

CHO 

1 

COgH 

Ao 

ro,H 

< HOH 

(!hoh 

io 

C(OH), 

Jho 

(!o,H 

<!ho 

(!:ho 

io.H 

(axa) 

. (3x3) 

( 222 ) 

(322) 

(323) 

UakaowD. 

Tartronic Acid. 

Mesoxalic Di- 
aldcbyde. 

Mesoxalic Semi- 
aldehyde. 

Mesoxalic 

Acid. 


Glyceric acid, tartronic acid, and mcsoxalic acid arc the only accurately known 
representatives of these eleven oxidation products of glycerol. Glyceric aldehyde, 
dihydroxyacetone, hydroxyacemic acid, tartronic semialdchyde, mesoxalic di- 
and semi- aldehydes have all been investigated to only a small extent. 


Three hydrogen atoms in glycerol can be replaced by alcohol or 
acid radicals, producing ethers and esters ; 


C,H 


i OH 
OH 

O.C,H,0 

Ace tin. 


(OH 

C,H5<0.CgH,0 

(O.CjHgO 

Diacetin. 


j O.CaH,0 
C,H J O.CgHgO 

(O.CgHgO 

Tdaoetin. 


The haloid esters are the halohydrins : 
C,H.(OH),Cl C,H,(OH)Cl, 

Monochlorhydrin. Dichlorbydrin. 


Trichlorhydrin. 


Formation . — ^The trihydric alcohols are obtained by heating the 

bromides of the unsaturated alcohols with water ; or — 

(2) By oxidizing the unsaturated alcohols with potassium per- 
manganate (B. 28, R. 927). 

{3) Aldehydes having the constitution RCH2CHO condense with 
formaldehyde in the presence of lime to form tripnmaiy glycerols : 

RCHjCH0-f3CH,0-hHg0=RC(CHg0H),CHg0H4-HC00H. 

(4) Dialkyl ethers ot glycerol are prepared by the magnesium 
organic synthesis from carboxylic esters or alkoxyketones and chloro- 
or iodo-substituted ethers. 

Glycerol [Propanetriol], CH2OH.CHOH.CH2OH, m.p. 17® (solidifies 
below o®), b.p.700 290° almost without decomposition, b.p.12 170®, 
Di 5= 1*265, is produced (i) in small quantities in the alcoholic 
fermentation of sugar ; hence is contained in wine (p. 114). (2) It 

is prepared by hydrolysis of oils and fats, which are glycerol esters 
of the fatty acids. Glycerol is also formed (3) from synthetic allyl 
trichloride by heating it with water, and (4) from allyl alcohol when 
it is oxidized with potassium permanganate. (5) Also, by the 
reduction ol dihydroxyacetone. 


Historical. — Scheele discovered glycerol in 1779, when he saponified olive oil 
with litharge, in making lead plaster. Chevreul, who recognized ester-like 
derivatives of glycerol in the fats and fatty oils, introduced the name glycerol, 
and in 1813 pointed to similarities between it and alcohol. The composition of 
glycerol was established in 1836, by Pelouze. Berthelot and Lttcca (1853), and 
later Wiirts (1855), explained its constitution, and proved that it was the simplest 
trihydric alcohol, the synthesis of which Friedel and Silva (1872) effected from 
acetic acid : 



CHg CHgCl CHgOH 

(Ihci ina tnoH 

^H,OH 



GLYCEROL 


(z) Acetone i8 obtained from calcium acetate, (a) Acetone by reduction 
passes into isopropyl alcohol. *(3) Propylene results when anhydrous nnc 
chlonde withdraws water from isopropyl alcohol (4) Chlorine and propylene 
yield propylene chlonde (5) Propylene chlonde and iodine chloncfe umte to 
form propenyl tnchlonde or allyl trichloride, the trichlorhydrin of glycerol. 
(6) Glycerol is produced when tnchlorhydrin is heated with much water to 160^ 
(B 6, 969) Metallic iron and bromme convert propylene bromide into tn- 
bromhydrin, which silver acetate changes to tnacetin Bases saponify the latter 
and glycerol results (B 24 , 4246) 

A second method of synthesizing glycerol is that of O Ptloty (1897), which 
starts from L Henry* s nitro tert -butyl glycerol, the condensation product of 
formaldehyde and mtromethane (i) Nitro-tert -butyl glycerol is reduced to 
hydroxylammo-tert -butyl glycerol, which is then (2) oxidized by HgO to di- 
hydroxyacetone oxime 

(CHaOH),C NH(0H)+20«(CH,0H)aC N0H-hHC0,H-|-H,0 , 

(3) bromme water converts this substance into dihydroxy-acetone : 


2 (CH,0H),C . NCH+2Br,-|-H,0*2(CHa0H),C • OH-NaOH-4HBr, . 
which, finally, is reduced to glycerol by sodium amalgam (B 80 , 3161) ' 

CHaOH 

/CH,OH ^H,OH I 

(X) NOaCeCHaOH > (2) NH(OH) C^CHaOH (3) C=NOH 

NcHaOH NCHaOH j 

CHaOH 


CHaOH 

io 

(Ih.OH 


CH,OH 
-> ( 4 ) 1 :hoh 

dn.OH 


Preparation — Glycerol is produced m large quantities during the saponifica- 
tion of fats and oils in soap and candle manufacture When the process is earned 
out with superheated steam an aqueous solution of glycerol and free insoluble 
fatty acids ai c formed Pure glycerol is pioduced from its solution by distillation 
under reduced pressure 


Properties , — ^Anhydrous glycerol is a thick, colourless syrup, which 
slowly solidifies at o", foiming transparent crystals. With superheated 
steam it distils cntiicly uiidltered. It has a pure, sweet taste, hence 
the name glycerol, and it is very hygroscopic, mixing in every pro- 
portion with water and alcohol. It is fairly soluble (i : 3) m acetone 
(A. 386 , 319), but insoluble m ethei. It dissolves the alkalis, alkali 
earths and many metallic oxides, forming with them, in all probability, 
metallic compounds similar to the alcoholates (p. 116). Copper Sodium 
Gly cerate, (C3H508CuNa)2+3H20, is obtained from glycerol, copper 
oxide and sodium hydroxide solution (B. 31 , 1453). 

Reactions, — (i) When glycerol is distilled with dehydrating sub- 
stances, like sulphuric acid and phosphorus pentoxide, boric acid, or 
preferably potassium hydrogen sulphate, it decomposes into water 
and acrolein (p. 214). 

(2) When heated to 430-450®, glycerol decomposes partly into 
acrolenn and partly mto acetol : 

CH,:CHPHO ■^^“cH.COH) CH(OH) CH,(OH) CH, CO CH.OH 

(comp, transformation of glycols into aldehydes and ketones, p. 3x2) ; 
tte acetol partially Composes mto acetaldehyde and formaldeiiy^ 

m * 
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which, like acrolein itself, unite with glycerol to f9rm acetaUike 
substances (A. 335 , 209). 

(3) When sodium glycerol or glycerol and sodium hydroxide are 
heated together, hydrogen is evolved and mainly lactic acid is formed, 
together with lower fatty acids, methyl alcohol and propylene glycol 
(A. 335 , 2^9)* 

(4) Platinum black and air, mercuric oxide and alkali or dilute 
nitric acid convert glycerol into glyceric and tartronic acids ; sodium 
and bismuth nitrate oxidize it to mesoxalic acid (B. 27 , R. 666). 
Energetic oxidation produces oxalic, glycollic and glyoxylic acids (p. 
400) ; silver oxide gives rise to formic and glycollic acids (A. 335 , 316). 

(5) Moderated oxidation (with nitric acid or bromine) produces 
glycerose, which consists chiefly of glyceraldehyde and dihydroxyacetone, 
C0(CH2.0H)2. This unites with HNC and forms trihydroxybutyric 
acid : 
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(6) Phosphorus iodide or hydriodic acid converts it into allyl iodide, 
isopropyl iodule, and propylene (p. T04). (7) In the presence of 

yeast at 20-30° it ferments, forming propionic acid. By Schizomycetes 
fermentation, induced by Butyl bacillus (B. 30 , 451 ; 41 , 1412), normal 
butyl alcohol (p. 118), trimethylene glycol and formic and lactic acids 
result (p. 314). 

(8) When glycerol is distilled with ammonium chloride, ammonium phos- 
phates and other ammonuiin salts, ^-piroline (Vol. II.), as \m 11 as 2,5-dimcthyl 
pyrazine (Vol. II.), results. Under certain conditions it is only the latter which 
is produced ( 24 , .1105 ; B. 26 , R. 5.S5 ; 27 , R. 43b, 812 ; A. 335 , 223). 


Uses. — Gl3xeroI is applied as such in medicine. It is also used in 
gas meters. Duplicating plates and hectographs consist of mixtures 
of gelatin and glycerol. 

The bulk of glycerol is consumed in the manufacture, of nitro- 
glycerine (p. 529). 

Glycerol Homologues. — r,2,3-/?M/v/ Glycerol, CH,.CH{OH).Cn(OH).CH,OH, 
b.p.27 is prepared from crotoiiylalcohol dibromide (p. 124). 

\T, 2 ,vrentam‘iriol], C2H5.CH(OH).(‘H(OH).CHa.OH. b.p.., 192® ; [2,3,4- 

Pcntanelnol], C) I ,.('U(OH).CH(OH).Cll(OH).CHa. b.p.27 i«o°; fi-Ethyl Glycerol, 
CH3.CHaC(OH)(CiTjjOil)a. b.p.^^ 186-189®. These and other glycerols result 
upon oxidizing unsaturated alcohols with potassium permanganate (B. 27 , R. 
165 ; 28 , R. 927). Pentaglycerol, CH,C(CH20H)j, m.p. 199°, is obtained 
by the action oi lime on propyl aldehyde and formaldehyde (A. 276 , 76). 
Dimethyl Pentaglycerol, (CHa)jCHC(CHaOH)„ m.p. 83®. is prepared from iso- 
valeraldchyde and formaldehyde by the action of lime (B. 36 , 1341). These 
substances are triprimary glycerols. 

[i,i,5-Hexanetriol], CH3.CH(OH).CH(OH).CHa.CH,.CH,OH. 181®. and 

some other isomers and higher homologucs have been obtained from the 
addition products of bromine and hypochlorous acid with the corresponding 
unsaturated alcohols. 
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A. GLYCEROL ESTERS OF INORGANIC ACIDS 

(a) Glyeerol Haloid £st»rs. — ^These are called halohydrins (p. 124). There 
are two possible isomeric mono- and di-halohydrins. They are distinguished 


as a-halohydrins and jS-halohydrins : 
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The monohdlohydrins may also be regarded as halogen substitution products 
of piopylcne and trimcthylenc glycol, whilst the dihalohydrins are probably the 
dihalogen substitution products of propyl and isopropyl alcohol (p. 117). 

a-Monohalohydrlns are formed when the halogen acids act on glycerol, and by 
the interaction of water and epihalohydnns. a-Chlorhy drift , CH|OH.CHOH.CH|Clf 
« Bromhydrtn, b.p.,j i8o*. a-Iodohydrtn, b.p.j* 62* (A. 885 , 237). 

B~Chlorhydrtn, CH,oy.CHCl.CH,OH, b.p.^g 146®, is obtained from allyl alcohol 
and ClOH (C. 1897. 1 . 741 )• 

a'Dlhalohydrlns arc produced when the halogen acids (A. 208 , 349) act on 
glycerol, and on the cpihalohydiins (p. 532) (B. 10 , 557). Potassium iodide 
changes the chlorine derivative into the iodine compound. 

a-Dichlorhydnn, CHjCl CHOH.CH,Cl, b.p. X74®, D,,=i-367, is a liquid, with 
ethereal odour. It is not very soluble in water, but dissolves readily in alcohol 
and ether. When heated with hydriodic acid it becomes converted into isopropyl 
iodide; sodium amalgam produces isopropyl alcohol. When sodium acts on 
an ethereal solution of a-dichlorhydrin, we do not get trimethylene alcohol, 
but allyl alcohol as a result of molecular transposition (B. 21 , 1289). Chromic 
acid oxidizes it to /3-dichloracctone (p. 224) and chloracetic acid. Potassium 
hydroxide' converts it into epichlorhydrin (p. 532). 

a-D%hromhy drift, CH,Br.CHOH.CH,Br, b.p. 219° ; Diga2’Xi. 

a-Di-iodhydrin, D=2*4, solidifies at —15®# is a thick oil. 

It readilv loses HI and polymerizes to fi-iodopropion aldehyde (C. XQOO, II. 169). 
p-Ethyl a-Dichlorohydrtn, C,HgC(On)(CH,Cl)„ b.p.i, 77®, is formed from sym.« 
dichloracetone and ethyl magnesium bromide (C. 1906, I. 1471). 

The / 3 -DihaIohydrlns result from the addition of halogens to allyl alcohol. 

P~Dtchlorhydrtn, b.p. 183®, 1*379, is converted by sodium into allyl alco- 

hol. I^dnodic acid changes it to isopropyl iodide ; fuming nitric acid oxidizes 
it to ap-dichloropropionic acid. 

Both dichlorhydiins are changed to epichlorhydrin by alkalis. 

P‘Dtbroinhydrtn, b.p. 212-214®. 

Trlhalohydrlns are formed when halogens are added to the allyl halides; 
also in the action of phosphorus halides on the dihalohydrins, and when iodine 
chloride acts on propylene chloiide, and bromine and iron on propylene bromide 
and trim^thylene bromide (B 24 , 4246). 

Trichlorhy drift. Glyceryl Chloride, i,i,yTrichloropropane, CH,Cl.CHCl.CHjCl, 
b.p. 158®. 

Trtbrotnhy drift, m.p. 16®, b.p. 220®. is converted by silver acetate into glycerol 
triacetyl ester. When this is saponified it yields glycerol (p. 527). 

(i) Glycerol Esters of the Mineral Acids containmg Oxygen.— The 
neutral nitric acid ester (nitroglycerol ) — nitroglycerine (discovered by 
Sobrero in 1847) — the most important member of this class. 

Nitroglycerine, Glycerol Nitrate, CHa(ONOj|).CH(ONOa) CHa(ONO*), m.p. 
16®, Ds*i*6, is produced by the action of a mixture of sulphuric and nitric acids 
on glycerol. The latter is added, drop by drop, to a wcll-cooled mixture of 
two parts of fuming nitric acid and three parts of concentrated sulphuric acid. 
On standing the nitroglycerol rises, and. after separation, is poured into water. 

VOL. I, 2 M f 
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The heavy oil (nitroglycerine) is washed with water and dried by means of calcium 
chloride. 

Nitroglycerine is a colourless oil, which is easily volatilized at i6o" (15 mm. 
pressure) (B. 29 , R. 41). It has an acrid taste, and is poisonous when taken 
internally. It is sparingly soluble in water, dissolves with difficulty in cold alcohol, 
but is easily soluble in wood spirit and ether. Heated quickly, or upon 
percussion, it explodes very violently ; mixed with kieselguhr it forms dyna- 
mite, and with nitrocellulose, smokeless powder. 

Alkalis convert nitroglycerine into glycerol and nitric acid ; ammonium 
sulphide also regenerates glycerol. Both reactions prove that nitroglycerine is 
not a nitro-compound, but a nitric acid ester. 

Partial nitration of glycerol or partial hydrolysis of nitroglycerine by dilute 
sulphuric acid produces the two possible dinitroglycerines, CaH5(0H)(0N02)i, 
oils, which are not explosive; and also the two monomtroglycerines, CaH5(OH)j- 
(0N0)2, m.ps. 39° and 54° ; these substances are easily soluble in water (B. 41 , 
1107). 

Glycerol Nitrite, CjH5(O.NO)8, is formed by the action oi NjOj on glycerol. 
It is isomeric with trinitro propane (B. 16 , 1O97). 

Glycerol Sulphuric Acid, CHjOH.CHOH.CHj.OSOjH, is obtained from 
glycerol and sulphuric acid. Propane-i,2,ytrisulphonic Acid , C3H5(S02H)a, how- 
ever, is formed from tribromhydrin and ammonium sulphite (C. 1904, 11 . 944). 

Glycerol Phosphoric Acid, , occurs combined with the fatty 

acids and choline as lecithin (p. 531) in the yolk of eggs, in the brain, in the bile, 
and in the nerve tissue. It is produced on mixing glycerol with metaphosphoric 
acid. The free acid is a thick syrup, which decomposes into glycerol and phos- 
phoric acid when it is heated with water. It yields easily soluble salts with two 
equivalents of metal. The calcium salt is more insoluble in hot than in cold 
water ; on boiling its solution, it is deposited in glistening leaflets (C. 1899, 1 . 1105). 
For mono-acidic and neutral glycerol phosphate, Calls-OsPO, sec C. 1904, I. 431. 
For the action of PCla on glycerol, see C. 1902, I. 1048. 

Glycerol mercaptans arc produced when chlorhydrins are heated with alcoholic 
solutions of potassium hydrosulpliide. 


B. GLYCEROL FATTY ACID ESTERS, GLYCERIDES 

(а) Formic Acid Esters. Monoformin, CaHB(0H)20CU0, is volatile under 

diminished pr».-ssure. It is sup])o.sed that it is formed on heating oxalic acid and 
glycerol. When it is heated alone it breaks down into all>l alcohol (p. 123), 
water, and carbon dioxide. Dtformin is most certainly produced under these 
conditions. Monoformin also results from the action of ii-monoc hlorhydrin on 
so- hum formate. Dlformin, CaH5(OH).(O.CHO)a, b.p.gQ.aa ifM-ibO®. 

(б) Acetic Esters, or Acetins, result when glycerol and aci'tic acid are heated 

together (C. 1897, II. 47.^). Monacetin, b-p.^., 'cc/iw, ('3115(0. ("00113)2- 

(OH), b.p. 159® (B. 25 , 34^6). Triacetin, CaHjCO. 000113)3, b.p. 258°, occurs 
ill small quantities in the seed of Euonymus europevus, and has also been 
obtained from tribromhydrin (p. 529). Dichloromonacetin and monochlorodiacetin 
(C. 1905. 12). 

(c) Trlbutyrln, 0a?lB(0C4H,0)„ b.p.i, 185® ( 0 . 1899. II. 21 ; 1900. II. 215), 
occurs in cow's butter (p. 259). 

{d) Glycerides of Higher Fatty Acids occur, as already stated (p. 264), in the 
vegetable and animal fatty oils, tats, and tallows. They can be artificially 
obtained by heating glycerol with the fatty acids (C. 1899, II. 20), or from tri- 
bromhydrin and fatty acid salts (C. 1900, II. 215). The mono- and di-esters 
(monostearin, dipalmitin, etc.) are prepared from mono- or di-chlorhydrins and 
salts of the fatty acids, or by esterifying glycerol and the fatty acids by means of 
concentrated sulphuric acid (C. 1903, I. 133 ; B. 38 , -284). if esterification is 
completed with different acids mixed glycerides, such as palmitodistearin, are 
formed, which occur to a ccitain extent in natural fats (B. 36 , 2766). 

Glycerides are very slightly soluble in cold alcohol, but easily so in ether. 
They are saponified by alk.ilis or lead oxide (comp. p. 264) (C. 1899, II. 1699). 
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When boiled with alcohols in presence of a little alkali or acid, the glycerides are, 
to a great extent, converted, into glycerol and fatty esters of the alcohols (C. 
1907, 1 . 151 ; 1908, 1. 1157 ; II. 495). 

The mdst important glycerides are : 

Trlmyristln, or Myristln, Glycerol Myristic Ester » C,H5(O.C,4H,70)„ m.p. 55®, 
occurs in spermaceti, in nutmeg butter, and chiefly in oil nuts (from Myristica 
surinamensis), from which it is most readily obtained (B. 18 , 201 1 ). It crystallizes 
from ether in glistening needles. It yields myristic acid, (p. 261 ) when saponified. 

Tripalmitin, 031X5(0.01,11310)3, m.p. (45®) 65®, is found in most fats, 
especially in palm oil ; it can be separated from olive oil at low temperatures. 

Trlstearin, 03115(0.0,3^350)3, m.p. (55®) 71*5®, occurs mainly in solid fats 
(tallows). It can be obtained by heating glycerol and stearic acid 'to 280-300®, 
It crystallizes from ether in shining leaflets. 

On the phenomenon of the double melting-point " of palmitin and stearin, 
see 0 . 1902. I. 1106. 

Triolein, or Olein, 03X1,(0.01,11330)3. solidifies at —6®. It is found in oils, 
like olive oil. It is oxidized on exposure to the air. Nitrous acid converts 
it into the isomeric elatdin, m.p. 36° (p. 301). 

Lecithins are widely distributed in the animal organism and occur especially 
in the brain, in the nerves, the blood corpuscles, and the yolk of egg, from 
which stearin-palmitic lecithin is most easilj^ prepared. Lecithin occurs in the 
seeds of plants (B. 29 , 2761). It is a wax-liko mass, easily soluble in alcohol and 
other, and crystallizes in fine needles. It swells up in water and forms an opalescent 
solution, from which it is rcprecipitatcd by \aiioiis salts. It units with bases 
and acids to salts, forming a spaiingly soluble double salt, (C42H54NPO3.HCI),.- 
PtCl,, with platmic chloride. Lecithin is decomposed into choline, glycero- 
phosphonc acid (see above), stearic acid, and palmitic acid, when it is boiled with 
icids or barium hydroxide solution. Thcrefoie we assume it to be an ethereal 
compound of choline witli glycerophosphoric acid, combined as glyceride with 
stearic and palmitic acids : 


CHs— O.COCi,H„ 

I 

CH OCOC,JI„ 

CH,— O.rO(OH) 

Lecithin is optically active — dextro-rotatory. When heated in alcoholic 
solution to qo-ioo® it is racemized, and from this i-lectthtn, \-lectthin can be 
separated by lipase (C. iqoi, 11 . 193 ; 1906, XI. 493). 

The distearm and dioleo- compounds are also known. Protagon, a substance 
obtained from the brain, appears to be closely related to the lecithins. 

Glycerol Ethers : 1. Alkyl Ethers. 

Mixed ethers of glyceiol \Mtli alcohol radicals are obtained by heating the 
mono- and dichlorhydrms witli sodium alcoholatcs. 

Kpiclilorhydrm, sodium hydroxide solution, and an alcohol form glycerol 
dialkvl (‘ther (C. 1898, I. 237). 

Moiwethylin, CHjOH.CHOILCHjOCaH,. b.p. 230°, is soluble in water. 
Glycerol Dimethyl Ether, bp. 1O9®. Diethylin, CH20H.CH(OC2H5)CHaOC3H5. 
b.p. 191®, dissolves with difficulty in watei, and lias an odour resembling that of 
peppermint. Triethylin, C3H5(OC2ll6)8» b.p. 185®, is insoluble in water. 

Allylin, CH2OH.CHOH.CH2C3H5. b.p. 225-240®, is produced by heating 
glycerol with oxalic acid (B. 14 , 194O. 2270), and is present in the icsiduc from 
the preparation of allyl alcohol (p. 123). It is a thick liquid. Diallylin, 
H0.C,H5(0C3H5)2, b.p. 225®-227, is produced when sodium allylate acts on 
epichlor hydrin (B. 25 , R, 50O). • 

Dialkyl Ethers of Homologous Glycerols. 

Fatty acid esters are condensed with chloromethyl alkyl ethers to form 
dialkyl ethers of homologous glycerols by means of magnesium, which can be 
t rendered more active by means of HgClj (C. 1907. I- 871) : 

RCOOC,H3+2ClMgCH,OC,H3 RC(OH)(CH,OC2H,),. 

These dtethylines yield acroleins, similarly to glyctTol itself, when treated 
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with oxalic add : two molecules of alcohol are eliminated and a-alkyl acroleins 
, result (comp. p. 214). , 

Ethyl Glycerol Diethyl Ether, CaHsC(OH)(CHaOCaH,)|, b.p. 195®, is prepared 
from propionic ester, chloromethyl ethyl ether and magnesium. Propyl Glycerol 
Diethylin, b.p. 210®; the Isobutyl, b.p. 215®; n-Amyl, b.p.,, 119® ; Hexyl, 
b.p.,, 136® ; Octyl, b.p.,, 160® ; Decenyl Glycerol Dimethyhn, b.p.,, 180®. 

i,7-Dimethoxyheptane-j^~ol, IIC(OH)[CH,CH,CH,OCH,]a, b.p. 247®, is pre- 
pared from formic ester, y-methoxypropyl iodide and magnesium. It is a liquid 
possessing a very bitter taste (C. 1906, I. 332). 

2. CyoUe Ethers : 

/:h,— o.cH, 

yCH,.O.CH,v / I 

Glycerol Ether, O- - )CH or CH, yOCH, b.p. 171®. is 

VHj.O.CH,/ \ / I 

'CH — OCH, 

formed when glycerol is heated to 270-330®, with a little ammonium chloride 
(A. 335 , 209) ; also, together with diallylin, from epichlorhydrin and sodium 
allylate (see above). It is readily soluble in water, and is hydrolyzed with 
difficulty 

An isomeric substance, m.p. 124®, has been obtained as a by-product of the 
preparation of pyridine bases from "lycerol and ammlonium jihosphate (comp, 
p. 528) (C. 1897, I. 583). 

Glycerol derivatives resemblingthe acetalsare formed when formaldehyde, acet- 
aldehyde, acrolein, benzaldehyde, or acetone act on glycerol hot, or in presence of 

/O.CH, /O.CH,v 

hydrochloric acid. Formal Glycerol, | orCH,^ yCHOH, ' 

^O.CH.CH ,011 “ ^O.CH / 

b.p. 103® (A. 289 , 29 ; 335 , 209). Acetal Glycerol, HOCjHgOa^CHCH,, b.p.,, 
86® a- Acrolein Glycerol, HO.CjHjO^^CH.CFLCH,, is i-omnic with glycerol 
ether or jS-acrolcin glycerol (q v ). Benzal Glycerol, HOr3HB02>CHC,H5, m.p. 
66®. Acetone Glycerol, H 0 CsH, 0 ,>C(CH,)„ b.p.jj 83® (B 27,1536; 28,1169). 

< CH CHjOH- 

I , b.p. 162®, 

CHa 

D,sai*i65, is isomeric with acetyl ca/binol (p. 341). This body shows the 
properties both of ethylene oxide and of ethyl alcohol. It is obtained from its 
acetate by the action of sodium hydroxide or barium hydroxide. Glycide and 
its acetate reduce ammoniacal silver solutions at ordinary tmipeiatures. 

Glycerol also forms poly glycerols. Thus glycerol yields Dlglycerol, (HO)a.C,- 
H50r3H,(OH)2, when it is treated with chlorhydri nor aqueous hydrochloric acid at 

CH^ -O -CH.CH.OH 

130“. The polymer of glycide, jjO_cH Ch ' O CII 

results from the action of sodium acetate on cpichlorliydiin in absolute alcohol, 
and the subsequent hydrolysis of diglycide acetate with sodium hydroxide. 
/CH.CH,C 1 . 


Epichlorhydrin, 


CII, 


b.p. 117®, D0=ai'2O3, is isomeric with mono- 


chloracetonc, and constitutes the patent substance for the preparation of th^ 
glycide compounds It is obtained from both dichlorhydnns by the action 
of alkali hydroxides (analogous to the formation of ethylene oxide from glycol 
chlorhydrin) (p. 319) : 


CICH2 CHOH C:iCH,.CH V ClCH.CH.Cl 

CH.Cl CH,^ HOCH, 

It is a very mobile liquid, insoluble in water. Its odour resembles that of* 
chloroform, and its taste is sweetish and burning. It forms a-dichlorhydrin with ' 
concentrated hydrochloric acid. PCI, converts it into trichlorhydrin. Con-^ 
tinned heating with water to 180® changes it to a-monochlorhydrin. Con- 
centrated nitric acid oxidizes it to ) 9 -chlorolactic acid. Metallic sodium converts 
it into sodium allylate, CH,«CH.CH,ONa. 
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Like ethylene oxide, epicblorhydrin combines with HNC to the hydroxy* 
cyanide. 

Epibromhydrtn, CgHgOBr, b.p. 130-140*, is prepared from the dibrom- 
hydrin 

hp%-xodohy drift, CsH|01, bp ,a 62®, is prepared from epichlorhydnn by the 
action of KI and alcohol, and subsequent tieatm&nt with aqueous alkali hydroxides. 
Lpihydnn-ether, [0<C,Hj]a0, bp .» 103®, is produced from the above by means 
of silver oxide , and Nitro^lycide, NOg 0CjH5>0, b p ^ 03®, by silver nitrate 
It also results when alkali acts on cither of the two dinitioglycerols (p. 530) 
(A 335,238, B 41,1117) 

Dt-ept-todahy drift, ICHa m p. 160®, is formed 

when iodine acts on mercury ally I alcohol iodide, Hgl)a This body, as 

well as mercury propylene-glycol iodide, IHg CHaCH(OH)CHjOH, is also obtained 
Horn allyl alcohol and mercury salts (comp Mercury Ethanol Iodide, p 326) 
(B 34,1385,2911) 

Epiethylin, Ethyl Glycide Ether, 0 <[C,Hj OCaH^, bp 129°, and Amyl 
Glycide Ether, b p 188®, are produced from the respective ethcis of chlorhydnn 
by distillation with potassium hydroxide (A 335 , 231) Glycide Acetate, 
0 <CaHj OCOC II „ bp 169®, IS foimed from epichlorhydrm and anhydrous 
potassium acetate 

Nitrogen Derivatives of the Glycerols. 

Nitroisobutyl Glycol, CHjC (NOa)(CJ:laOH)a, bp 140®, is formed from nitro- 
ethane and formaldehyde (B 28 , li 774) 

1- Amtnopropane Diol Nil, CHjCII(OH)CHjOH, b p 238®, is foimed 

from glycide and aqueous ammonia Similarly, the i-alkyl amtnopropane diols 
can be prepared ; tertiary amines react with glycerol a chlorhydnn to form 
quarter;iary ammonium chlorides, eg (CaH|),N(Cl)CI^CHOH CHaOH (B 38 , 
3500) 2 Aminopropane Diol, IIOCHa CH(NHa) CHaOH, is foimed when 

dihydroxvacctone oxime is reduced (B 32 , 751) 

2 - i 4 wjK 0 -tert -butane Diol, CH 8 C(NHa)(CHaOH)j (C 1908, I 816) 

From i,^-Diamino-2-propanol is derived the local anaesthetic Alyfin, 
C,H,CO Ot HrCHaN(Cn3)a]a (C 1905, 11 1551) also i,yDtanilinopropattot, 
(CaH,NHCHa)aCilOH, from anilmc and epichloi hydrin (B 87 , 3034), also, 
finally Trimethylene-imino-2-iulphonic acid Ihis substance is obtained from 
bromomethyl taurine, a decomposition product of the thiaxoline derivative obtained 
from allyl mustard oil dibromide (B 39 , 2891) 

CHg— CHSOaH 

u . 

Triaminopropane, CHaNHa CHNHa.CHaNHa, bp, 93®, is prepared from 
Glycerol Friur ethane, mp 92®. which is formed from the 

action of absolute alcohol on the tnazide of tiicai bally lie acid (J pr Ch [2] 
62 , 240)* 

1,3-Eetramethyl diamino-2-nitropropane, [(CH,)aN CHa]a CHNOa, [(CHa)2- 
NCHalaC : NOOH, mp 58®, is prepared from 2 molecules of methanol- 
dimethylamine, (CHa)aNCH20H, and nitromethane It forms salts both with 
acids and alkalis (comp Nitromethane, p 151) When boiled witli \\ iter it is 
decomposed to formaldehyde , with aqueous aniline it foinis Dxamltnomtro- 
propane, (CaHaNHCHa)aClINOa , by reduction with tin chlornlc it jiclds Fetra- 
methyl- 1 , ^, 2 -triaminO’^ropane, [(CHjjaNCHaliCHNHa, b p. 175® (B 38 , 2037). 



BrClIjCH— Sv O BrCHaCHSO,H -HBr 

I ^CCR > I ^ 

CHa-N/' CHaNH, 


2. DIHYDROXY-ALDEHYDES. * 

Glycirol Aldehyde [Ptopane Diolal], CHaOH CHOH.CHO, m p 138*, is pre- 
pared in the pure state by hydrolysis of its acetal (see below) with dilute sulphuric 
acid When treated with alcohol and hydrochloric acid, it is reconverted intCHr 
the parent substance. It crystalizes m needles from dilute methyl alcohol, *■ 
and is almost insoluble in alcohol and ether It reduces FehUng’s solution in 
the cold, and for|as a characteristic compound vMth phloioglucinol (Vol. 11.) with 
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loss Oif water. The Glycerol Acetal, CH20H.CH0H.CH(0CaHg)|i 130*. 

best obtained by oxidation of acrol ‘in acetal (pr 215) with permanganate. 

Glycerol Aldehyde Oxime, CHjOH.CHOH.Cli : NOH, is an oil. When wanned 
with alkalis it loses water ancLhydrocyaiiic acid, forming glycol aldehyde (p. 337) 
(comp, the carbohydrates). In the solid form both glycol aldehyde and glycerol 
aldehyde are apparently to be looked on as dimolccular polymers (B. 33 , 3095). 

2-Chlorn-yhydroxy~pfo[iionacettJil, CH2(0H).CHC1.CI1(0LH3)2, b.p.j, is 

formed from acrolein acetal and IICIO. Oxidation converts it into 2-chloro- 
3-dimcthoxy-propionic add, (CH30)2CH.ClfClL00H ; reaction with ammonia 
produces ^-Hydroxy-yamino-propionacctal, CH2(MH2).CH(OH)CH(OCHg)2, m.p. 
55-58®, b.p.ji III®, with iutei mediate foimation of open ethylenoxy-eom- 
pound. This acetal t^ives rise to the hydrochloride ol fi-AminolacUc Aldehyde, 
NH2CH2CH(0H)CH0, which, on oxidation yields isoscrine (p. 541) (B. 40 , 92). 

A mixture of a little glycerol aldehyde with glycerol ketone or dihydroxy- 
acetone (see below) is formed by the oxidation of glycerol with dilute nitiic acid, 
bromine or hydrogen peroxide in presence of a little ferrous sulphate (C. 1888, 
II. 104 ; B. 33 , 3098). It IS known as gtycerose, and is condensed by sodium 
hydroxide to inactive acrose. This compound is related to dextiose, which can 
also be formed from each of the two separate compounds above mentioned. 

Methyl Glycerol Aldehyde, CH3CH(OH).CH(OH)C]5IO, is a syrupy body 
formed, analogously to glycerol aldehyde, from its acetal, CH3CH(OH)CH(OH)- 
CH(OC2Hb),, the oxidation product of croton aldehyde acetal (B. 35 , 1914)- 

Pentaglycerol Aldehyde, C}l3C(CH20H)2CH0, is prepared by condensing 
propionaldehyde with two moh-culcs of formaldehyde. Hexyl Glyceiol Aldehyde, 
(CH3)2C(0H)CH(0H)CH3CH0, is obtained by condensation of rf-hydroxy- 
isobutyric aldehyde with acetaldehyde (M. 22 , 443, 527). 

Chloral Aldol, CCl,.(:H(OH).CIf(CIIO).CHOH.CH„ and hnfyl Chloral Aldol, 
CHj.CHCl.a l2.CH(OH).CII(rilO).CIIOil.CH3. are thick oils. They result 
from the comlensation of chloral or butyl chloral with paraldehyde and 
glacial acetic acid (J 3 . 25 ^ 79S). 


3. DIHYDROXY-KETONES (OXETONES) 

Dihydroxy acetone. Glycerol Ketone [Propane Diolone], CIIaOH.CO.CHjOH, 
m.p. 68-75®, IS prepared from its oxime by the action of bi online (p. 527). It 
tastes sweet and cooling. Water^ alcohol, and acetone dissohi- it easily, ether 
with difficulty. Rctluclion (p. 527 j and tlic action of the -o hose bacterium 
(C. 1898, T. 985) convert it into glycerol (see also Glycerose, abov ). It reduces 
Fehling’s solution in the cold. The oxime, CH20Jl.C=N(OIl).(Tl20H, m.p. 
» 4 °. is produced from hydioxylamino-tert.-butyl-glycciol by IlgO (B. 30 , 3161). 
Chloracetyl Carbinol, ClCH2.CO.CiT.j()ll, m.p. 74®, is formed from allenc (p. 90) • 
and HCIO, together with some dichloracctone (C. 1904, 1 . 57(>). Diethoxy- 
acetone, (C2H50)CH2.C0.CH2(0C.2ll3), b.p. 195*’, is prcpar< d Irom ay-diethoxy- 
acetoacetic ester, and by distillation ol calcium ethyl glycollate (B. 28 , R. 295). 
Diaminoacetone, NHaCIl* CO.(Tl2Ml2. is obtained by the reduction of di- 
isonitroso-acetonc (B. 28 , 1519). z,2‘Nitro-bromo-trimethylehe Glycol 12,2-Nitro- 
bromo-propane-diol], IK).CHarBr(N02).t llaOII, m.p. Io6^ is prepared from 
bromunitromethane and tormaldohydc (C. 1899, I. 179). 

Homologous Dlhydroxyketones. 

Trimethyl Triose, (OH).CH(OH)COCH8, b.p.j^ 109®, is obtained by 

the oxidation of mesityl oxid^', (CH3),C : CHCOCHb (p.' 229), by permanganate, 
and appears to decompose rapidly into acetone and acctol. Dthydroxy-dthydro- 
methyl- heptenone, (CH3)2C((Jll)CU(OH)CHjCIIaCOCH„ m.p. 67®, is similarly 
prepared from methyl heptenone (p. 232) and permanganate (B. 34 , 2979 ; 35 , 
1181). yh-Dihydroxy-hulyl-methyl Ketone, CH2(OH)CH(OH)CHaCH2COCH2, 
b.p. 22 iQO®! results from the splitting up of a-acetyl-S-chloro-y-valerol acetone 
tthe condensation product of epichlorhydrin and acetoacetic ester) by means of 
potassium carbonate (B. 34 , 1981). It is similarly prepared from epichlorhydrin 
and sodium acetyl acetone (C. 1904, I. 356). 

Derivatives of Triacetone iHalcohol. ch’>C<oh’’ 
is as yf*t unknown) are compounds, discussed in connection with phorone (p. 229), 
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such as triacetonamine, triacetone diamine, triacetone hydroxylamine, triacetoue 
dihydroxylaminc, their anhydrides and dinitroso-di-isopropyl>acetone. Similar 
compounds when treated with ammonia, also yield, in part, methyl ethyl ketone 

p. 224 ). Trimelhyl Diethyl Ketopiperidine, 

m.p. 247°, corresponding with triacetonamine (B. 41 , 777). 

The oxetones, discovered by Fitttg, may be considered as the anhydrides of 
the yy-dihydroxyketones. Their constitution is indicated by the formation of 
dimethyl oxetono by treatment of the addition product of dialkyl acetone with 
two molcules of lIBr with potash solution {Volhard, A. 267 , 90) : 

Br Br 

I H2C 

CHjCHCHjCIIj.CO.CHaCHaCHCHa i 

CH,CHCHaCH,.C.CH,CH,CHCH, 

The oxetones are obtained from the condensation products of the y>lactones 
with sodium ethoxide in^ consequence of the elimination of carbon dioxide (see 
P- 374)- 

Oxptone, CyllijO*. b.p. iso j**- Dimethyl Oxetone, CjHi.Oa, b.p. 169-5®, 
Dq=!0-978. Diethyl Oxetone, b.p. 209°. These oxetones are mobile 

liquids, and j)oss(‘ss an agreeable oaour. They are not very soluble in water, 
reduce an ammoniacal silver solution, and combine with 2HBr to y-dibromo- 
ketones. 

y-Pyrone, considered the anhydride of an unsatu- 

rated dihydroxyketone. 


4. HYDROXY-DI ALDEHYDES 


Ntfromalontc Dialdehyde, N08CH(Cli0)2, or HOjN : C(CHO)j, m.p. 50* 
is a dcrivativ e of the dialdehyde of tartronic or hydroxymalonic acid. Its sodium 
.sail is pit lulled fiom mucobroniic acid (p. 402) and sodium nitiite (comp. C. 
iqoo, II 1202). The free aldeliydc is obtained from the silver salt by hydro- 
clilouc acid, 111 ethereal solution. In aqueous solution it changes into formic 
acid and sym -tiinitiobenzenc (Vol. II.). It condenses with acetone in alkaline 
solution to foim />-nitroplienol, and behaves similarly with a series of other 
ketones, ketonic acid esters, etc. (C. 1899, II. 609 ; 1900, II. 560). Hydroxyl- 

XH«N 

amine converts nitromalonic aldehyde into nitro-isoxoMole, NO.C^ | , and 

^CH— O 

salts of the unstable nitromalonic aldehyde dioxtme, Me02N.C(CH : NOH)„ 
which cjin be converted into mtromalomc aldoxime mtnU, NOjHC(CN)CH : NOH, 
and fuhflinuric acid, N02HC(CN)CQNH2 (C. 1903, I. 957). 

Chloromalomc Dialdehyde, ClLlI(CHO)2 or CHO.CCl : CHOH, m.p. 144*# 
with decomposition, and 

Bromomalomc Dialdehyde, BrCgHaO,, m.p. 140®, with decomposition, are 
prepared from nitromalonic aldehyde and mucochloric and mucobromic acids. 
Aniline causes the loss of CO 2 and converts them into dianils of the dialdehydes, 
which are liberated by hydrolysis : 


CCICHO -CO, CCl.CH : NgCH , 
HO,CCCl HCNHC,H, 


2 H ,0 CCICHO 

^ II 

HCOH 


The two dialdehydes are also formed from ethoxyacrolein acetal 
(CjHjOlCH : CH.CH(0C,H,)2 (see Malonic Dialdehyde, p. 347), by chlorina 
and bromine. The enoZ-configuration (see above) gives rise to strongly acid^ 
bodies giving a reddish-violet coloration with ferric chloride. Their stability 
towards alkalis i| remarkable. Hydrazines give rise to pyraxoles (B. 87 , 4638). 
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. 5. HYDROXY-ALDEHYDE KETONES 

HydroMypyroracemic Aldehyde, CHO.CO.CH^OH, m.p. 134”, is the simplest 
hydroxyaldehyde ketone. It is only known in the form of its osazone, and is 
produced by the interaction of phenylhydrazine and dihydroxyacctone (B. 28 , 
1522), 

Propanone Tvisulphontc Acid, (SO,H),CHCOCH,(SO,H), is a derivative of 
hydroxypyroracemic acid, prepared by the action of fuming sulphuric acid on 
acetone. It is decomposed by alkalis into methionic and sulphoacetic acid (C. 
1902, 1, xoi). 


^ 6. HYDROXY-DIKETONES 

afi-Dikeio-buiyl Alcohol, CH^CO.COCHaOH. is the simplest hypothetical 
hydroxydiketone. A derivative is a~D%bromethyl Ketol, CHjCBrj.CO.CHjOH, 
m.p. 85®, prepared from bromotetrinic acid (p. 544) and bromine. 

Derivatives of a body, (CH,),C(OH)COCOCH,, are found among the reaction 
products of nitrous or nitric acid on mesityl oxide oxime (p. 231). 

'i-Ethoxy acetyl Acetone, (CjHjOlCHjCOCH^COCHjt b.p.j, 84®, is prepared 
from ethoxyacetic ester, sodium, and acetone (comp. p. 350) (C. 1907, I. 871). 

yAminoacetyl Acetone, (CHaCO)gCHNH,, is formed when isonitroso-acetyl 
acetone is reduced. Nitrous acid converts it into Dimethyl Diacetyl Pyrazine (i), 
m.p. 99®, and a diazo-anhydride or furolah]diazole (2). of which the connecting 
oxygen is easily replaceable by NR and S (see Vol. 11 . ; Pyrrolaih]diazoles and 
Thio[aLb]diazoles) (A. 325 , 129) : 

CH ,C— N— C.COCH, CH,G-Ov 

II I II M H > 

GH.COC— N— CCH, CHaCOC— N^ 

Hydroxy methylene Acetyl Acetone, (CH*CO)jC»=ClIOH, m.p. 47®/b.p. 199®, 
which is the act- or enol-ioim. of sym,-Fovmyl Acetyl Acetone, Formyl Diacetyl 
Methane, (CH,CO),CH.CHO, is a stronger acid than acetic acid, and soluble in 
aqueous alkali acetates. It readily absorbs oxygen from the air. and is decom- 
posed by gentle heating with water and HgO into CO, and acetyl acetonj ; 
copper salt, m.p. 214®. 

Ethoxymethylene Acetyl Acetone, (CH,CO),C=CH(OC,ll5), b.p.,, 141®, is 
formed by condensation of acetyl acetone with orthoformic ether by acetic 
anhydride. It decomposes with water into alcohol and the previous substance. 
It combines with acetyl acetone to form Methenyl-bis-acetyl Acetone,(CH;iCO)2C- 
CH — CH(C0CH,)2, m.p. 118®. which is easily changed by ammonia into di- 
acetyl lutidine (Vol. II.), and by abstraction of water into diacetyl m-cresol. 

Aminomethylene Acetyl Acetone, (CII,CO),C : CIINH,, m.]). 144®, is formed 
fn ni ethoxymethylene acclyl acetone and ammonia. Amltnomethylene Acetyl 
Acetone, (CHaCOl^C. CHNHC«Il5. m.p. 90®, rc.suJts when diphenyl formamidmc, 
('jIIrN : CH.NJICqH,, is heated with acetyl acetone (B. 35 , 2505). 

Hydroxymethylene acetyl acetone, as well as the corresponding derivatives 
of acetoacetic ester and malonic ester, can be considered as being foimic acid 
in which the intra-ratlical oxygen has been replaced by a carbon atom carrying 
two negative groups (X) : 

O-CH.OH *>C=.CH.OH. 

Formic Acid. Hydroxymethylene Compounds! 

As these bodies are stiong monobasic acids, the group X,Cs would seem 
to exert an inilucnce on the carbon atom combined with it, or on the hydroxyl 
in union with the carbon atom, just as is done by oxygen that is joined with two 
bonds, but the influence may not be as great as in the latter case. The com- 
pounds just described are the first of the complex substances, containing only 
C, H, and O. which, without carboxyl, still approach the monocarboxylic acids 
in acidity. Indeed, in some instances they surpass them in this respect (B. 86, 
273X ; Lm Claisen, A. 897 , 1). 



TRIKEIONES 


537 


7 DIALDEHYDE KETONES 

MesozftUe Dlaldehyde, CHOCOCHO, is formed, together with acetone 
peroxide, when phorone ozonide (p aa©), (CH,),C(Oj)CHCOCH( 0 ,)C(CH,)*, is 
shaken with water, and the aqueous solution concentrated. It may be in the 
form of a syrup, the hydrate, solidifying to a glass-like substance, or a loose 
light yellow powder (a polymerized body), which, in aqueous solution, is strongly 
reducing in its action The dtphenylhydraxone, CO[CH : NNHC^H,],, m p. 175® 
with decomposition, is formed by the action of phenylhydrazme, and also from 
acetone dicarboxylic acid (p 568) with diazobcnzene ; the tnphenylhydroMone, 
CeHjNHN : C[CH : NNHC^Hj],, m p 166®, may be prepared (B 38 , 1634). 

The Dtoxtme, Dt-tsonttroso-acetone, CO[CH * NOH]„ m p 144®, with decom- 
position, IS formed from acetone dicarboxylic acid and nitric acid , further action 
of N,Oa produces mesoxalic dialdchyde. The trioxime, trtoxtrmdopropane, 
HON : C[CH . NOH]*, m p 171®, is formed by means of hydroxylamine (B 88, 
1372) 


8 ALDEHYDE DIKETONES 

See above under hydroxymi thylene acttyl acetone or SiCi~f ormyl dxacetyl 
methane (p 536) 


9 TRIKETONES 

Related Trtkeiones are obtained from the 1,3-diketones by means of nitroso- 
dimethyl-anilinc, followed by decomposition of the resulting dimethyl amido-acid 
by dilute sulphuric acid (B 40 , 2714) : 

NOC-H4N(CH3)a ^ H ,0 

(CH,CO)aCH • V(CII,CO)2C NC,H4N(CH,), — (CH,CO),CO. 

These tii-ketones are orange-red oils which form colourless hydrates with 
water 1 hey are very stronf,ly reducing bodies, and indicate a relationship with 
animal hairs 

2 viketopentane [Pentane 2 3 4 trio ne] CIIsCO CO.COCH3, b p ,0 65—70®, is 
formed by dccompo mg the rt iction product of nitroso-dimc thyl-aniline (Vol II ) 
and acetyl acetone It is \n orange -yellow oil, which unites with watcrtofoima 
colourless ciyst iline hydiate, CjHjOj-f-HjO The phenylhy dr ozone, benzene 
azo acetyl acetone CgHjNHN C(COCHa)j, and the oxime, isomtroso-acetyl acetone, 
HON C(COCH3)a, m p 7*)'* are prepared from sodium acetyl acetone and diazo- 
benztne salts or nitrous acid (A 325 , 139, I93) Tnketopentane and phenyl- 
hydrazine io\m di his-phenylhydrazone , with scmicarbazide a bis-semtcarbazone, 
mp 221®, with hydrazine hydrite dimethyl-hydroxy pyrazole (comp 1,3-diketone, 
P 350) » with o phenylene di iminc, a quinoxahne-dLxiw^.tiyc (comp 1,2-diketone, 
P 348^ Alkalis decompose tnketopentane into 2 molecules of acetic acid and 
formaldehyde 

2,3\-Trthetohexane, CH,CO CO COC3H5, b p j, 70®, is obtained, analogously 
to tnketopentane, from acetyl methyl ethyl ketone, CH3COCH3 COC^H* 
(13 40,2728) 

2,3,yrriketohexane The tnoxime, CH,C(NOH)CH0C(NOH)C(NOH)CH„ m.p. 
159®, is formed, similarly to succinic dialdoxime from pyrrole (p 355), and from 
) 3 -nitroso-aa, -dimethyl-pyrrole and hydroxylamine (C 190S, I 16 }o) 

Dlacetyl Acetone, 2,4,6-Triketoheptane, [2,4,6-Heptane Tnone] CO(CH0CO- 

CHt)!, mp. 49®, is produced from 2,6-dimethyl pyrone, CO<q2“q|^|j*j>0, 

» nd concentrated barium hydroxide solution, from which it is separated by hydro* 
chloric acid It decomposes spontaneously into water and dimethyl pyrone (A. 
257, 276) Ferric chloride produces a deep red colour with it The oxime, m.p. 
68®, easily turns into an anhydride (B 28 , 1817). With sodium and lodomethane 
it IS converted into a Dimethyl Diacetyl Acetone, m p 87® (C 1900, II. 625)* 

Aeetonyl Aoetyl Acetone, CH.COCH, CH(COCHs)*, bp,* 156®, is formed from 
•odium acetyl acetone and chloracetone (C 1902, II 346)* 
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lo. DIHYDROXY-MONOCARBOXYLIC ACIDS 

The acids of this series bear the same relation to the glycerols that 
the lactic acids sustain to the glycols, and may also be looked on as 
being dihydroxy-derivatives of the fatty acids. They may be arti- 
ficially prepared by means of the general methods used in the pro- 
duction of hydroxacids, and also by the oxidation of unsaturated acids 
with potassium permangaiuite (p. 293) (B. 21, R. 660 ; A. 283, 109). 

Glyceric Acid, C3H6O4, Diliydroxypropionic Acid, [Propanediol 
Acid], is formed : (i) By the careful oxidation of glycerol with nitric 
acid (method of preparation, B. 9, 1902, 10 , 267 ; 15 , 2071) ; or by 
oxidizing glycerol with mercuric oxide and barium hydroxide solu- 
tion (B. 18, 3357), or with silver chloride and sodium hydroxide (B. 
29 , R. 545). or with red lead and nitric acid (C. 1898, L 26). The 
calcium salt is decomposed with oxalic acid (B. 24 , R. 653) : 

CH,( 0 ll).CH( 0 H).CH,. 0 H-f 0 *=CH,( 0 H).CH( 0 h).C 0 . 0 H-*-H, 0 . 

(2) By the action of silver oxide on j3-chlorolactic acid, CH2CI.- 

CH(01I).C02lI, and a-chlorohydracrylic acid, CH2(0II).CHC1.C02H 
(p. 3O8). (3) By heating glycidic acid with water (p. 539). 

Glyceric acid forms a syrup which cannot be crystallized. It is 
easily soluble in water, alcohol, and acetone. It is optically inactive, 
but as it contains an asymmetric carbon atom (p. 29), it may be 
changed to active laevo-rotatory glyceric acid by the fermentation 
ot its ammonium salt, through the agency of Penictllium glaucum. 
Bacillus ethaceticus, on the other hand, decomposes inactive g yceric 
acid so that the laevo-rotatory glyceric acid is destroyed and the 
dextro-rotatory acid remains (B. 24, R. 635, 673). This glyceric acid 
is also formed by reduction of hydroxypyroracemic acid (p. 543), 
whilst tlie 1-glyceric acid is obtained by the action of milk of lime on 
glycuronic acid. Further, both forms can be separated by means of 
brucine (B. 37, 339 ; C. 1905, 1. 1085, 1089). 

Reactions. — ^When the acid is heated above 140® it decomposes 
into water, pyroracemic and pyrotartaric acids. When fused with 
potassium hydroxide it forms acetic and formic acids, and when boiled 
with it, yields oxalic and lactic acids. Phosphorus iodide converts 
it into j3-iodopropionic acid. Heated with hydrochloric acid, if yields 
a-chlorohydracrylic acid and aj3-dichloropropionic acid. (Se*e also 
jS-chlorolactic acid (p. 368). ) 

When glyceric acid is kept, it probably forms a lactidc or anhydride. This 
is sparingly soluble in water, and crystallizes in fine needles. 

Salts and Esters —Its calcium salt, (C,H504),Ca-h2Ha0, dissolves readily in 
water ; lead salt, (C3IJ j04)aPb, is not very soluble in water ; ethyl ester is formed 
on heating glyceric acid with absolute alcohol. The rotatory power of the 
optically active glyceric esters increases with the molecular weight (B. 26 , R. 
540), and attains its maximum with the butyl ester (B. 27 , R. 137, 138 ; C. 1897, 
I. 970). 

The homologues of glyceric acid (Dihydroxy-acids with adjacent hydroxyl groups) 
have been obtained (r) from the corresponding dibromo-fatty acids ; (2) from the 
corresponding glycidic acids on heating them with water (A. 234 , 197) ; 

(3) by oxidizing the corresponding unsaturated carboxylic acids (p. 293) with 
potassium permanganate or persulphuric acid, which at the same time occasion 
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stereoisomeric transformation (comp. Dihydroxystearic Acid) (A. 268, 8 ; B. 22, 

R. 743 ; C. 1903, I. 319). • 

afi-Dihydroxybtityric Acid, ^-Methyl Glyceric Acid, CHaCH(OH)CH(OH)COjH. 
™*P- 75‘*i is resolved from the mixture of its optically active components 
by quinidine. Also, the a-form appears to result from oxycellulose by the 
action of milk of lime (B. 32, 2598 ; C. 1904, I. 933)* afi-Dihydroxyisohutyric 
Actd, a-Methyl Glyceric Acid, CHaOH.C(CH3)(OH)COjH, m.p. 100®. Triglyccrie 
Acid, m.p. 88®. Anglyceric Acid, m.p. in® (A. 283, 109). a-Eihyl Glyceric 
Acid, m.p. 99®. a-Propyl Glyceric Acid, m.p. 94®. a-Isopropyl Glyceric Acid, 
m.p. 102*' (C. 1899, I. 1071). orEihyl fi-Methyl Glyceric Acid, Isohexeric Acid, 
CH8CH(OH)C(CjHb)(OH)COOH, m.p. 145®. is formed from a-cthyl crotonic 
acid (A. 334, 68). 

aPDihydroxyiso-octylic Acid, (CH5)jCHCHaCHjCH(01I)CII(0H)C0aH, m.p. 
106® (A. 283, 291). 

a-Isopropyl p~fsobutyl Glyceric Acid, m.p. 154® (B. 29, 508). 

Py-Dihydroxybutyric Acid, Butyl Glyceric Acid, CHj(OH).CH(OH)CHaCOjH, 
is a thifck oil. The ^y-dihalogen and hydroxy-halogen-butyric acids corresponding 
with these, are oblan'cd from vinyl acetic acid (p. 2 (>7), or from cpihalogen hydrins 
(p* 532), and hydrocyanic acid; y-Ethoxy-d-hydroxy-butyric Acid is a syrup; 
ethyl ester, b.p.,3 121® ; mtnlc, b.p. 245®, is prepared from epiethylin (p. 533) 
and hydrocyanic acid (C! 1903, II. 106 ; 1905, I. 1586). 

yh-Dihydroxyvaleric Acid, CHj(0H)CH(0H)CHaCHaC03H, rapidly decom* 
poses into water and forms hydroxylactone. 

Dihydtoxyiuidecylic Acid, m.p. 85®, is prepared from unde- 

cylcnic acid (p. 2')9). Dihydroxystearic Acid, C, 31134(011)803 (see Oleic and 
Ela'idic Acids, p. 300) (C. 1902, I. 179 ; 1903, 1. 319). Dihydroxyhehenic Acid, 
C88H4a(01 1)202, m.p. 127®, is formed from erucic acid, C22H42O8. 

Glycidic Acids arc formed (i) by the action of alcoholic potassium hydroxide 
on the addition product of hyi)ochlorous and olefine carboxylic acids (A. 266, 
204) ; (2) by condensation of tones and a-halogen fatty esters by sodium 
ethoxide or sodium amide, whereby the glycidic esters are formed ; 

■(CH3)C80 

CO2R.cn 2CI 

The aciils obtained from these esters easily lose CO2 and change into aldehydes 
or ketones (t'. 1906, I. 669 ; 15. 33, 099). 

In geiiei.il, the glycidic acids, like ethylene oxide, form addition products 
with the hiilog.il acids, water and ammonia, whereby cliloio-hydroxy fatty acids, 
diliydioxy. and amino-hydi oxy-falty acids can be prepared. Many add sodium 
malonic ester, etc. (C. 1906, II. 421). 


+NaNll2 r(CHs)2C.ONai 
^ L CO2R.CHCI J 


(CH,)2C 

/>o 

COaR.CH'^ 


.CHCOjH 

Glycidic Acid, Epihydrimc Acid, 0<^ | , is isomeric wdth pyroracemic 

^H2 

acid. It is produced, like epichlorhydrin (p. 532), from a-chlorhydracrylic acid 
and )8-chloiolactic acid by means of alcoholic potassium hydroxide. Glycidic 
acid, sejjui ated from its salts by means of sulphuric acid, is a mobile liquid miscible 
with waler, alcohol, and etlier. It is very volatile and has a penetrating odour. 
The free acid and its salts are not coloured red by iron sulphate solutions (dis- 
tinction from isomeric pyroracemic acid). It combines with the halogen acids to 
/3-halogcn lactic acids, and with water, either on boiling or on standing, it yields 
glyceric acid. Its ethyl ester, m.p. 162®, obtained from the silver salt with ethyl 
iodide, resembles malonic ester in its o dour (B. 21, 2053). 


p-Methyl Glycidic Acid, CIIsCH.OCHCOOH, is known in two modifications. 
The one, m.p. 84®, unites with water to oiS-dihydroxybutyricacid. The other 

1 *1^ 

modification is a liquid. Epihydrin Carboxylic Acid, CHj.O.CHCHjCOOH, 
m.p. 225®, is obtained from its nitrile, which results from the action of KCN on 

epichlorhydrin (p. 532). a-Methyl Glycidic Acid, CIl2.0.C(CHa)C00H, consists 
of shining leaflets. Th e ethyl ester, b.p. 162-164® (^- 21, 2054). afi-Dimeihyl 

ClycidicAcid, CH,CH.O.c'{CH,)COOH, m.p. 62* (A. 257, 128). 
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Sp~Dimethyl Glycidic Acid, (CHs)2C.O.(1hCOQH, is formed as a S3mip, from 
O'Chloro-^-hydroxy-isovaleric acid (A. 292,282); ethyl ester, b.p. is obtained 
in good yield from acetone, chloracetic ester and sodium amide (see above) 
(B. 88, 707). Pfi-Methyl Ethyl Glycidic Ester, b.p. 198® ; pfi-Diethyl Glycidic Ester, 
b.p. 212® ; and fip-Trimethyl Glycidtc Ester, b.p.,Q 81®, etc., are formed according 
to method 2. 

Hydroxylactones are formed Ironi those dihydroxy acids in which the hydroxyl 
group stands in the y-posilion to thi- carboxyl group. Thus, a-hydroxy*y -lactones 
are obtained by hydrolysis of cyanhydrins of the aldols (p. 338) : 


CH 2 CH( 0 H)CH,GH 0 H 

CN 

HOCH,C(CH,),CHOH 

CN 


CH 2 CH.CH,CH 0 H 

^ I I 

O CO 

CH,C(CHa)8CHOH 

> I I 

O CO 


These hydroxylactones are readily caused by acids to undergo isomeric 
transformation accompanied by wandering of the OH-groiip; in the case of 
a-hydroxyuiilerolactoHc (see above), the Oil-group apparently migrates first to 
the j8- and finally to the y- position, forming laevulinic acid (p. 421) (A. 334 , 68 ; 
C. 1914, I. 217). On the other hand, the cyanhydrin of p-chluro-diethyl-ketone 
(p. 228) and alkali yield salts of Ethyl Trimethylene Oxide Carboxylic Acid: 
I ■' I 

CtH,C(C 00 H).CH,.CII, 0 , b.p.j, 136® (C. 1908, I. 1615). 

HO.CHjCH O 

h-Hydroxyvalerolactone, | | , b.p. 300-301®, results from 

CH,CH,— CO 

the action ot potassium permanganate on ally] acetic acid (A. 268 , 61). 
Hydroxvea prolactone and Hydroxyisocaprolactone, CgHioO,, aie colourless liquids, 
into which the oxidation products of hydrosorbic acid by im.ms of KMn04 
rapidly pass on liberation from their barium salts (A. 268 , 34). Hydroxyiso^ 

heptolactone, (CHs)aC lI.CH.CH(OH ).CII,.CO<!), m.p. 112®. Hydroxyiso-octolactone, 

(CHs),CH.CH 5|CH.CH(OH)C1I,CO.O, m.p. 33® (A. 283 , 278. 291). 

Tlie following section of the hydroxy^amino, thio-amino, and dtaminO’Carboxylic 
acids embraces a number of substances which, with the simple amino-acids 
(pp. i8i, 390), commands the greatest interest, as constituting the decomposi- 
tion products of the proteins — serine, cystine, ornitliinc, arginine, proline, 
lysine. 


Monoamino-hydroxy-carboxylle Aeids. , 

a-Aminohydracrylic Acid, a-Amino-p-hydroxy-propiomc Acid, HO.CH2CH- 
(NHj)COOH, m.p. 240® with decomposition, h.is been named serine, because it 
was first obtained fiom sericin (silk-gum). It is also obtain' d from silk -fibroin, 
horn, gelatin, casein, etc., by hydrolysis with dilute acids. 1 1 was first synthesized 
from glycolyl akU hyde (p 337), ammonia, hydrocyanic acnl, and liydrochloric acid 
(B. 35 , 3794) ; also, by the following steps : formic ester and hippuiic ester were 
condensed by sodium ethoxidc to formyl hippuric ester, CHO.LH(NHCOC,H5)- 
COOC2H4 (p. 543). which, on reduction, yields 5m wc ester, HOCHjCH- 

(NHCOC4Hj)COOC,M 4. m.p. 80® ; this, on hydrolysis, gives serine (A. 387 , 222). 
The best synthesis consists in preparing ^-ethoxy-a-amino-propionic acid 
CaH,OCHt.CH(NH,)COOH, m.p. 256® with decomposition, from ethoxyacetal- 
dehyde (p. 338), NH,, HCN, and HCl, and decomposing this with hydrobromic 
acid (B. 39 , 2644)# 

Serine forms hard crystals, soluble in 24 parts of water at 20®, but insoluble 
in alcohol and ether. As an amino-acid it reacts neutral, but forms salts with 
bases and acids. The taste is sweet, like glycocoll. 

ffoth synthetic and natural serine are optically inactive on account of racemiea- 
tion ; resolution can be effected through the quinine salts of the f-nitrobenioyl^ 
derivative into d- and Userine, 6*8®, m.p. 228® with decomposition, 

soluble in 3-4 parts of water. d-Seiine tastes sweeter than 1 -serine (B. 88, 2942) 
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Sering Methyl Ester, a syrup, loses alcohol spontaneously and passes into a 
di-aci-piperazine (p. 391) : 

CH,OH.CH<p®j!^>CHCH,OH. 

ol which the 1-form [a]D|f>« —67*46* appears to be identical with a decomposition 
product of silk-fibroin. 

Nitrous acid converts serine into glyceric acid. PCI, changes serine ester into 
p-chloro-a-amino-propionic acid, which, on reduction, yields alanine ; 1-serine gives 
d-alanine (p. 388). 

fi-N aphthaline Sulphoserine, m.p. 214*. Serine fi-Phenyl Cyanate, m.p. 169*. 

P-Amino-lactic Acid, a-Hydroxy-P-amino-propionic Acid, Isoserlne, 
CH(OH)COOH, m.p. 248® wth decomposition, is prepared from B-chlorolactic 
acid (p. 368) or from glycidic acid (p. 539), and NH,; from op-diaminopro- 
pionic acid, hydrochloride, and silver nitrite (B. 37, 336, 343, 1278) ; also by reduc- 
tion of the addition product of acrylic acid and nitrous acid (C. 1903, II. 343) ; 
Isoserine ethyl ester, m.p. 78° ; methyl ester, a syrup, passes easily into isoseryl 
isoserine ester, and dipeptide. Isoscrine ester hydrochloride yields glyceric ester 
with sodium nitrite. Reduction produces j8-alanine (p. 393) (B. 37, 1277; 88, 

4171)- 

a-Amino-p-hydroxy-butyric Acid, CH,CH(OH).CH(NH,)COOH, m.p. 230® 
with decomposition, is (Stained by reduction of the addition product of crotonic 
acid and nitrous acid. Ill and phosphorus yield a-aminobut3rric acid (C. 1903, 
n. 551). 

a-Aminoy-hydyoxy-btUyric Acid, HOCH,.CH,CH{NH,)COOH, m.p. 207® 
(indefinite), is obtained by the decomposition of )3-hydroxy-ethyl-phthalimido- 
malonic mono-ester lactone, a product of ethylene bromide and sodium phtha- 
limidomalonic ester (C. iqo8, II. 683). The hydrobromide of the lactone 
(formula, see below) is obtained by heating together hydrobromic acid and 
y-Phenoxy-a-amtno-butyrtc acid, m.p. 233® with decomposition. This substance 
IS prepared by acting with ammonia on phenoxybromobutyric acid, the result 
of brominatmg and then decomposing phenoxyethylmalonic acid. The oily 
lactone changes spontaneously into di-p~hydroxyethyl dtketoptperasine, m.p. 192® 
(B. 40, 106) : 

*OCH.CH,CH<(^° nOCH,CH,CH<g^NH>CH.CH,CH,OH. 

QrAmino-y-hydroxy-valeric Acid, CH,CH(OH)CH2CH(NH,)COOH, m.p. 21s® 
with decomposition, is prepared from aldol, NH,. HCN, and HCl. Like thv 
previous substance, it readily passes into the aminolactone, b-p.,, 124®, which 
spontaneously changes into the dtpepitde anhydride, m.p. 224®. Reduction with 
HI yields a-amino-n-valeric acid (B. 85, 3797)* 

o-Amino-y -hydroxy-valeric Acid, NH2CH2CH(OH)CHjCH2COOH, is formed 
from alkyl acetic .acid dibiomide (B. 32, 2682). 

a-Amtno-h-hydroxy-valertc Acid, HOCH2.CIl2CH2CH(NH2)COOH, m.p. 224® 
with decomposition, is prepared from phthalimidobromopropyl malonic ester, 
BrCH2CH,CH2C(CO,R)2N(CO),CaH4 (C. 1905, II. 398). 

Monaminothlocarboxylic Acids. 

a-Amino-p-thiolactic Acid, Cysteine, HSCH,.CH(NH2)COOH, is easily oxidized 
by the air to the disulphide. Cystine, HOOC.CH(NH,)CH,S.SCH,CH(NH,)COOH. 
decomposes at 258-201®. The laevo-rotatory form of this substance is obtained 
from many proteins, especially from hair, horn, egg-shells. It is the chief 
sulphur compound of the proteins. It occurs also in the crystallites of those 
suffering from cystinuria (C. 1905, II. 1237). The action of nitrous and hydro- 
chloric acids changes cystine into a~chlorodithiolactic acid, (SCHgCHCl.COOH)*, 
which yields p-dithiopropionic acid, (SCH,CH,COOH)*, on reduction. Hydro- 
bromic acid produces cysteinic acid, SO,H.CH2CH(NH2)COOH, which loses 
COj and changes into taurine, SOjH.CHjCHjNH, (p. ^26) (C. 1902, II. 1360). , 

Cysteine and cystine are closely connected with serine : (i) when j9-chloro-ce- 
amino-propionic acid (above) is heated with Ba(SH)j, it yields first cysteine andi 
then cystine ; (2) the symtheic benzoyl serine ester (p. 54 treated with P-S, 
gives benzoyl cysteine ester, HSCH|CH(NHCOC,Hj)COOC,H5, m.p. 158®, which 
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on hydrolysis is changed to i-cysteinc and i-cystine (A. 837 , 222 ; B. 40 , 3717)* 
l-Serine produces the natural lapvo-rotatory cystipe [alDja= —224®. Cystine forms 
crystals which dissolve with difficulty in water. Scilts (C. 1905, II. 220) ; dimethyl 
ester t is a syrup ; hydrochloride, m.p. 173®, with decomposition (C. I905» II. 

1237)- 

a-Thio-P-amino-propionic Acid, Isoeyste’ine, NH,CHaCH(SH)COOH, hydro- 
chloride, m.p. 14T® with decomposition, is obtained from jo-alanine (p. 393) 
by gradual transformation of its urcide, hydrouracil (p. 444) — into bromohydro- 
uracil, then into cyanohydrouracil, and decomposing the latter with hydrochloric 
acid, 

CO NH CH, NH2CII, 

Jth— CO— Ch.scn cooh.ch.sh 

Isocysteine is oxidized by iodine to IsocystIne, rSCH(CHjNH3)COOIl]2, m.p. 155®, 
with decomposition ; and by hydrobromic acid into Isocysteine acid, llO3S.CH- 
(CH,NH,)COOH (B. 38 . 630). 

a-Thio-y-amniti-hutyric Acid and y-Amino-a-butyro-sulphonic Acid, NHjCHj- 
CH,CH(S03H)COOn (B. 41 , 513). 

Diaminomonocarboxylic Acids. 

Diaminopvopiomc Acid, CHaNH2.CHNHj.CO3H, Is obtained from ajS- 
tlibromopropionic acid by means of aqueous ammonia ; also by the decompo- 
sition of liippuryl a.sparaginic acid (p. 554). Optical resolution has been per- 
formed by means of its saltswith d-camphor sulphonic acid (Vol. If.); and through 
the quinidine salts of dibenzoyl diamino propionic acid (C. 1900, II. TI19; 13 . 
39 , 2950). The dextro-rotatory compound reacts with i molecule of HNO» 
to form isoscrine (p. SvO* ^uid with 2 molecules of HNOj to produce l-glyccric 
acid. Dtaminoprnpionic methyl ester is changed by heat into the ester of di- 
aminopropionyl diaminopropionic ester, one of the dipeptides (B. 38 , 4173). 

aP‘DiaminobiUyric Acid, CH3CH(NH2).CH(NH2)COOH, is formed from 
ajS-dibiomocro tonic acid and ammonia, together with a hydioxyaminobutyric 
acid (C. 1906, II. 764). 

ay-Diaminobutyric Acid, NH2CH2CH2CH(NH2)COOH, is obtained from 
phthalimido-ethyl-malonic ester by bromination, hydrolysis of tht* phthalimido- 
a-bromobutyric acid formed, treatment with NHa, and final decomposition ; 
dibenzoyl derivative, m.p. 201° (B. 34 , 2900). 

a^-Diaminovaleric Acid, Nll2CHaCH2CH2CH(Nn2)COOH, is synthetically 
prepared from S-phthalimido-a-bromovaleric acid, and fiom the coiulensation 
product of phthalimidopropyl bromide with sodium phthalimidom.ilonic ester 
(C. 1903, II. 34). It is the optically inactive form of the dextro lot.ito: y Ornithine. 
This body is produced, together with urea by the action of barium hydroxide 
solution, on Arginine, a-Amino-h-guanidino-valcnc Acid, NIl2(NH)C.NHCH2- 
CH8CH2CH(NIl2)COOil, a substance found among the decomposition products 
of many animal and vegetable proteins (B. 34 , 3236 ; 38 , 41^7). Permanganate- 
converts arginine into y-guanidinobutyric acid (C. 1902, II. 200). It is prepared 
synthetically from cyanamide, CN.NHg, and ornithine (B. 34 , 454 ; C. 1902, I. 
300). The dtbenzoyl derivative of ornithine, Ornithuric Acid, m.p. 185®^^ occurs 
in the urine of hens when fed with benzoic acid (B. 31 , 

Cn2.CH(COOH)^ 

a-Pyrrolidine Carboxyitc Acid, Proline, I - 'NH, is the imine 

of a8-diaminovaleric acid. It results when casein, gelatin, and other proteins 
arc treated with hydrochloric acid. It can be .synthetically prepared in 
several ways, more particularly from oS-dibromovaleric acid and ammonia; 
and from S-bromo-a-ainiiio-vali‘ric acid, the decomposition ])roduct of broino- 
propyl phthalimidomalonic ester (C. 1908, II. 680; B. 33 , 1160; 34 , 3071; 
37 , 3071; C. 190-2. 

It is connected with the cota-alkaloids. 

ae-Diaminocaproic Acid, Ml2Cll2rH2CH2CH2CH(NH2)COOH, is prepared 
synthetically by the reduction of a-hydroximido-y-cyano-valeric acid by means 
id sodium and alcohol. This pioduci is the inactive form of the optically active 
lysine, which is formed in the decomposition of casnu and other proteins. Pan- 
creatic decomposition convert.^ lysine into pentamethylene diamine (cadaverine. 
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p. 334) ; and ornithine into tetramethylene diamine (putresceine, p. 333) (B. 82 * 
3542 ; C. 1902, I. 9S5). Permanganate oxidizes lysine into glutaric acid, together 
with hydrocyanic and oxalic acids (B. 35 , 3401). 


Like the simple amino-acids, the hydroxyamino-, thioamino-, and 
d’ 3 mi no-carboxylic acids are connected with one another and with the 
mono-amino acids in so far that through their amides they go to form 
protein-like bodies, such as di- and poly-peptides and dipeptide anhy- 
drides {diazopiperazines, p. 391) . Therefore, in general, similar methods 
of formation can be employed in both cases ; Diglycl Cystine, [NH2- 
CH2C0NHCH(C00H)CH2S]2, is prepared from bischloracetyl cystine 
and ammonia ; Leucyl Proline from bromisocaproyl proline ; anhydride, 
m.p. 126-129°. Prolyl Alanine, from a8-dibromo-valeryl-alanine ; anhy- 

.CIla.N— CO.CH* 

dride, m.p. 171-121°. Prolvl Glycine Anhydride, CHaC I \ . 

' CO.NH 

m.p. 183°, is obtained by tryptic digestion of gelatin (comp. B. 37, 
3071, 4575 ; 38 , 4173; 39 , 2060, etc.). 

Dihydroxyoleflne Monocarboxylic Acids. 

The y-lactones of thebe bodies are the tctronic acid and mono-alkyl tctronic 
acids. These substances can also be looked on as being the ^7c*-fornis of p-Keto-y- 
lactones. They arc, therefore, considered under the heading of hydroxy-ketone- 
carboxylic acids (below) according to the principle set down on p. 39 «. 

11. 12. Aldo-hydroxy-carboxy'Ic Acids and Hydroxy-keto-carboxyiic Acids. 

Hydroxypyroracemic Acid, C'HjOH.CO.COOH, or Formyl Hydroxyacetic 
Acid, Taftronic Acid Semi-AUhhyde, CHO.CH(OH)COOH, is formed when 
nitioc^ Jliilosc (collodion collon) is treated with sodium hydroxide solution. 
Reduction converts it into /-i^lyceric acid ; hydrocyanic and hydrochloric acids 
produce /- and some mcso-tarlanc acid (C. IQ05, I. 108S). Formyl- or Hydroxy- 
methylene Hippuric Ester, OCH.CH(NllC()C,H5)COaR, or HOCH : C(NHCOC,Hb)- 
COaR, m.p. 128° (comp. p. 5^0), is a derivative of formyl hydroxyacetic acid. 
Tfibromomethyl Ketol, ClijOH.CO.CBrg, decomposes at 174® (see Bromotetronic 
Acid. p. 514 )- 


The following substances are derived from the enol- or aci-iorm of 
a-Hydroxyacetoacetic Acid, CH3COCH(OH)COOH, and y-Hydroxy- 
acetoacetic Acid, HOCH2.COCH2COOH, both of which are unknown 
in the simple form. 


a-Thwacetoaceixe Ester. S[CH(COril3)COaCaH5]2, keto-iorm, m.p. 7b®, is 
prepared by the action of sulphur chloride or thionyl chloride on acctoacetic ester. 
The .solid keto-ioim is conveitcd into the oily enol- or act-form by the influence 
of solvents (alcohol, benzene), or a trace of alkali ; soda causes the re-production 
of the fteto-body (B. 39 , 3255). Benzene-sul phone -thioacetoacetic Ester, CgH,- 
SOa.SCH(COCH8)COaCaHB, m.p. 55°, is prepared from a-chloracetoacctic ester 
and benzene thio.sulphonate (J- p r. Ch. [2] 70 , 375). 

a-Nitro-methyl-isoxazolonc, ON:C(CHa).CH(NOa)io, decomposes at 123®, is 
formed when isonitroso-niethyl-isoxa/olone is oxidized by nitric acid (B. 28 , 
2093). 

a-Amino-acetoacetic Acid, CHaCO.CH(Nlia)COOCaHB, is obtained by the 
reduction of isonitroso-aceto-acetic ester (p. 546) by zinc and sulphuric acid, 
together with dimethyl pyrazine dicarhoxyltc ester (Vol. II.). Amino-acetoacetic 
acid reacts with nitrous acid to form Diazo-acetoacetic Ester Anhydride, 


CH.C<^ 




or CH,COC{CO,R)<^^, an oil, bp.., I02-I04». Acids 


\n, 

'^C(COaR)^ ’ ^ 

and alkalis convert it into acetic and diazo-acetic acids (p. 402). WheMboiled 
with water or superheated to above xio®, it breaks down into nitiogen and methyl 
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malonic mono-ester (L. Wolff, A. 325 , 129), a decomposition which may be 
explained as follows {Schroeier ) : 


CH,COC(COaR)<; || 


N,+CHaCOC(CO,R)< 


CH3C(C0*R)=C0 


CH,CH(CO,R)CO,H. 


Ammonia or amines convert the diazo-anhydride into pyrro[ah]diaxole ; 
H ,S produces thio[aLh]diazole (Vol. II. )• jS-Diketones react with it as with aromatic 
diazo-bodics (Vol. II.), forming azo-compounds, such as hydrazones, which easily 
condense further to pyraxoles. 

a-Isonitramine Acetoacetic Acid; sodium salt, CH,C0CNa(Nt03Na)C03C3Hg 
(PP- 397. 416). 

Lactones of the y- Hydro xy-acetoacetic Acids (pp. 420, 34't) are tetronic acid 
and the alkyl tetronic acids. Substances of this class were obtained by Demargay 
from y-mono-bromo-substituted mono-alkyl acetoacetic esters by alcoholic 
potassium hydroxide, and were named by him tetrinic acid, pentinic acid, etc. 
Michael recognized in tetrinic acid a kcto-Iactone (formula i). L. Wolff 
examined the parent substance of these compounds and called it tetronic acid, 
and derived Demarcay' s acids from it under the names of a-methyl-, a-ethyl 
tetronic acid, etc. (A. 291 , 226). The keto- and enol-formulje (I. and II.) are 
applicable to tetronic acid and a-methyl tetronic acid (tetrinic acid) : 

CO.CH,. C(OH).CH,v 

I. I >0 II. H 

ClIjCH.CO'^ CH,.C CO^ 


but Conrad and Cast favour the hydroxyl formula, through indirect evidence, 
namely : that they prepared the lactone of y-hydroxy-rlialkyl-acetoacetic acids 
Irom dialkvl acetoacetic esters and y-bromo-dialkyl-acotoacc*tic ester, and 
they showed that these true keto-lactoncs differ throughout in boiling-point and 
chemical behaviour from tetronic acid and the a-alkyl tetronic acids. 

C(OH)CH,v 

Tetronic Acid, || yO (i) is prepared from synthetic tetronic ester, 

Cll QO^ 


by hydrolysis, and elimination of CO2 (B. 36 , 471) ; also by reduction by sodium 

C(0I-1)CH2. 

amalgam of a-Bromotetronic acid, [| (2) the decomposition product 

CBr CO^ 


CO— CH, V 

of ay-dibromacetoacetic ester. Dibromotetronic acid, \ (3) is 

C. Bcj — CO 

obtained from bromotetronic acid and bromine. It slowly decomposes into 
bromotctronic acid and tribromo-m ethyl -ketol (p. 543), with elimination of CO*. 


C(OH)CH,. 

(I) II >0 

CH CQ/ 


C(0H)CH2. 

(2) II >0 

CBr 



qOHl.CH,. 

Tetrinic Acid, a-Methyl Tetronic Acid, || ^O, m.p. 189®, b.p. 

CH3C.OO / 

292®, with partial decomposition, results on heating y-bromo-methyl-aceto- 
acetic ester or by treating it with alcoholic potassium hydroxide. Heated witli 
water to 200°, it breaks down into ethyl ketol (p. 341) and COj, and when it 
is boiled with barium hydroxide it yields glycollic acid and propionic acid. 
Chromic acid oxidizes it to diacetyl and CO, (A. 288 , i). 

Pentinle Acid, a~Ethyl Tetronic Acid, m.p. 128®. Hexlnle Add, a^Propyl 
Tetronic Acid, m.p. 126®. Heptinie Acid, orlsobutyl Tetronic Acid, m.p. X50®. 

It is the tcrtisjry mcthinic group of the tetronic acid (formula i. above) and 
the methylene group in tluj diketone formula (1., above) that react most actively 
with other substances : io<Jinc produces directly iodotetronic acid ; fuming 
sulphuric gives rise to sulphoietronic acid. Nitrous acid gives oximidotetronic 
acid, Oximido-ketohutyrolactone, (C4H,0,) : NOH, m.p. 136®, with decomposi- 
tion, which on oxidation yields Nitrotetronic acid, (('4H,0,) : NOOH, m.p. I 95 *» 
with decomposition ; this substance can also be prepared directly from tetronic 
acid and nitric acid. Reduction results in tiic formation of aminotetronic acid. 
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from which nitrous acid produces (i) Dtaxoietfonic anhydride^ m p. 93*. It is 
stable towards acids, but with alkalis generates nitrogen and forms (2) glycoll<h 
glycollic Acid, m p 100® (p 367) : 


(I) O 


XHa C(OH) 
^CO C(NHa) 



< CH,COOH 
CO CH,OH 


Tetronic acid reacts with diarobenrcne salts to form dxhetohvdVYolactone 
phenylhydrazone, (C4H,0,) NNHCgHg which is isomenzed by alkalis to salts 
of benzene azotetronic acid a-Methyl 1 etromc acid is converted by rupture of 
the ring into glycolyl pyroracemic acid phenylhydraxone. 


^^\COC(CH,) NNHC.Hb 


by diazobonzene salts 

Aldehydes and ketones unite very readily with two molecules of tetronic acid 
to form alkylidene bis tetronic acids, (C4HsO,),CRRi, substances from which 
further condensation produces a senes of interesting cyclic compounds (see Vol 
IT ) (A. 812 , 1 IQ , 322 , 351) 

Ethoxyl Acetoacetic Ester, (CaHBOKHsCOCHjCOOCjHB, or CHjCOCH- 
(OCjHj) COjCsHb b p 105®, is formed by 1 eduction of ethoxyl chloraceto- 
acetic ester, the eondensation product of chloracetic c ster and sodium (A 269 , 15) 
y Methoxyl Dimethyl Aretoacthc Ester, (CH , 0 ) 011 * CO C(CH,)*CO*CsHb, m p 
70®, bp 2-1.1®, is prepaied from y bromo-dimethyl acetoacetic ester and sodium 
mcthoxide in methyl alcohol (13 30 , 856) 

y^Acetoxyl Or Acetyl Butyric Ester C*HaO OCH* CH*CH(COCHj)CO*CHa, b.p j* 
150-153°, IS formed from glyeol bromacelin (p 230) and sodium acetoacetic 
ester (( 1Q04, II 586) 

a-Hydroxylasvuhnic Acid CHjCO CH*CH(OH)COjH, m p. 103®, and B~ 
Hydroxyleevulinic Acid, CH3COCH(OH)CH,C 0 *H, an oil, are prepared from the 
corresponding bromol'cviilmic acids (A 264 , 259) Chloral acetone (p 342) 
may be con »i(lcred as being the orthotrichloride of the first of these acids 

a-Amino-a-methyl-lcevulimc Acid, the nitrile (formula, see below), bpi* 
108®, is formed fiom acetonyl acetone (p 351) and ammonium cyanide It 
readily loses water and passts into a cyclic imine or pyrrohne derivative (B 40 , 
28S6) 

CH.COCHa Cll. C (rH3)(NII*)CN CH*— C(CH,)\ CN 

I ^ I I >NH 

CH,cocH, c n co( n, ch - c(ch,k 

Ketohydroryiteartc Acid Cll3[CH,].CH(OII)CH,CH,CO[CHJ,COOH, mp. 
84°. is obt lined from nemos tea rolic acid (p 302) An isomeric ketohydroxy- 
stearic acid m p 64®, is obtained by oxidizing oleic acid with permanganate m 
neutral <^olution (B 86, 2657) 

H^droxy-oleflne Ketocarboxylio Acids include Hydroxymethylene Acetoacetic 
Ester, HOCH C(C0Cll3)C02R which can also be looked on as being the act- 
form of formyl acetoacetic ester among the aldehydoketone carbox>lic acids 
(below)* 


13 ALDEHYDOKETONE CARBOXYLIC ACIDS 

Glyoxyl Carboxylic Acid, CHO CO CO*H, is formed by the oxidation of 
tartaiic acid by chlorine in the presence of ferrous salts , also from diliydroxy- 
maleic acid (qv) and feme sulphate (C 1902, I 857. 978) Uric Acid may be 
looked upon as the diureidc of this half-aldi liyde of mcsoxalic acid Di fionitroso^ 
propionic Acid, HON.CH C N(OH) CO,H, is the dioxime of glyoxyl caiboxylic 
acid It is obtained from dibromopyroiacemic acid It is known in two modx- 
fication^, the one m p 143®, the other m p 172® (B 25, 909) Furazan Carboxylic 
N.C CO H 

Acid, , m p 107®, 19 the anhydride of this dioxime It results 

from the oxidation of furazan propionic acid with KMnO, Sodium hydroxi^^l 
causes it to rearrange itsi If into c yanoximido-acetic acid (A 260, 79 , B. S 4 ^ 
1107) OsoMone of glyoxyl caiboxylic acid, CH(NNHC,Hg)C(NNHC,H,)COOH, 
mp 223® 
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Glyoxyl Proplonle Aeld> HCO.CO.CHsCHsCOaH, results, together with 
didcetyl, when jSS-dibromolaevulinic acid is boiled with water. It forms a yellow 
varnish. It passes into succinic acid upon oxidation. Its oxime is yS-dioximido- 
valeric acid, HC(:NOH).C(NOH).CH,.CHa.CO,H, m.p. 136®. Concentrated 
sulphuric acid changes it into the anhydride, Furazan Propionic Acid, 

Sodium hydroxide converts this acid into 


cyanoximidobutyric acid (p. 50S), whilst with potassium permanganate it yields 
furazan carboxylic acid. In the form of a keto-aldehyde (see pp. 346, 349), 
glyoxyl propionic acid coiuit'iiscs with ammonia and formaldehyde to a glyoxaline 


propionic acid, CH 


.N- CH 

\ N 

^NH.CCHaCHaCOaH 


which is also produced from histidine, 


one of the protein decomposition bodies (C. 1905. II. 830 ; 1908, II. 606). 

Gloxyl Isobutyric Acid, CHO.CO.C(CH,)aCOOH, m.p. 138®, is obtained fr om the 


isomeric Dihydroxyacetyl Dimethyl Acetic Acid Lactone, (nO)CH.CO.C(CHj)jCOO, 
m.p. 168®, by solution in soda and subsequent precipitation bv hydrochloric acid. 

The lactone was obtained on treating y-methoxy-dimothyl-acctoacetic ester 
with bromine, and then decomposing the monobromosu^bstitution product with 
water (B. 30, 850). 

Derivatives of an aldehydo-kcto-carboxylic acid, CHO.Cn,CO.CO,H (or 
an unsaturated hydroxy-aldehydic acid, C110.CH:C(OH)COjll), are probably 
exemplified by muco-hydroxy-chloric acid and muco-hydroxy-bromic acid (p. 402) 
(Am. 9, 148 ; 160). 

Formyl Acetoacctic Acid, CHO.CII(COCHs)COOH, and in its do.smotropic 
enoUovm^ HOCH:C(COCIl3)COOH. and CHjC(01I):C(CH0)C02H. is the 
hypothetical acid from which may, perhaps, be derived 

Hydroxymethylene Acetoacctic Ester, HOCH=C<QQ*5j|^«, b.p.j^ 95®, which 
is formed by the action of water on Ethoxymethylene Acetoacetic Ester, 
b.p.i5 150®. The substances are also obtained from 

orthoformic ester and acetoacctic ester by heating them with acetic anhydride 
(B. 26, 27^0). I Tvdroxy methylene acetoacetic ester is a strong acid (sec Hydroxy- 
methylene Acetyl Acetone, p. 536); it is readily soluble in alkali acetates, but 
is insoluble in water ; copper salt, m.p. 15O®. Ethoxymethylene acetoacctic 
ester i.s converted by ammonia into Aminomethylene Acetoaceiio Ester (CellgOs)- 
=CH.NH2, m.p. 55®, and combines with acetoacctic e.ster to form Mcthcnyl 
Bis-acetoacctic lister, (CgH80a):CH(CflHg08), m.p. 96®. Tin* hitter is converted 
by ammonia into lutidme dicarboxylic ester (Vol. II.) ; and by sodium ethoxide 
into m-hydroxyuvitic acid (L. Claisen, A. 297, 14). When alkoxymcthylene 
acetoacctic acid is melted with sodium acetoacctic ester, two dyes of undeter- 
mined structure are tormed — xanthophanic cuiid and glaucophanic acid (B. 39, 2071). 


14. DIKETOCARBOXYLIC ACIDS 

Paraffin Dlketocarboxylic Acids. 

a(l-Diketobutyric Acid, a^-Dioxybutyric Acid, Acetyl Glyoxylic Acid, CH,CO.- 
CO.COOH. The acid is unknown in the free state, but the ester is obtained 
when acetoacetic ester is acted on by NgO,, in acetic anhydride and ether 
solution. The esters are orange-yellow, mobile liqui^ls (comp. a-Dikctoncs and 
a-Triketones, p. 348), which combine with water to form colourless crystalline 
hydrates: methyl ester, b.p.,j 65-68®, -j-HaO, m.p. 80® ; ethyl ester, b.p.13 70®, 
H-iHjO, m.p. 148®; isohutyl ester, b.p.ig 96-100®, -fJHjO, m.p. 115-120®. 

Isonitroso-acetoacetic Ester, CHaC0C(N0H)C02R, is an intermediate product 
in the formation of the above esters. The ethyl ester, m.p. 56®, b.p.,5 i55“» 
can be isolated by treating acetoacetic ester in acetic acid solution with ice-cold 
sodium nitrite solution ; the action of NOg converts it into the diketobutyric 
ester (C. 1905, I. 1591 ; II. 34) : 

CHgCO iiONO CH.CO cOj CH,CO 

I -> I ^ I 

ROCO.CH. ROCO.C=:NOH RqC0.C«0 
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Isonitroso-acetoacetic ester is also formed from acetyl molonic ester (p. 564) 
and nitrous acid. One molecule of hydroxylaminc produces afi-Di-isonitroso- 
butyric Ester, CII,C(NOH).C(Nt)H)CO,C,H„ m.p. 1 61®, which is changed by 
hydrochloric acid into isonitroso-methyl-isoxazolon* (i), m.p. 159®, one of the 
lactazones (see p. 416), whilst nitric acid causes the formation of a peroxide (2), 
m.p. 92® (B. 28 , 2683 ; 38 , 926) : 


(I) 


CHaC.C(NOII).CO 


N O 


(2) 


N.OON 


-C.COaH 

II 


P-Phenylhydrazone Acetyl Glyoxyl Ester, CIl3C(NNllCaH5).CO.COaCaHa, m.p. 
ro3®, is formed from diketobutync ester and one molecule of phenylhydrazine 
in the cold. 

a-Phenylhydrazone Acetyl Glyoxyl Ester, CH3CO.C(NNHCflH5)COgC2Ha, m.p. 
154°, is prepared from sodium acetoacctic ester and diazo-bcnzt ne salts; with 
phenylhydrazane it loiras an Osazone, m.p. 209° (A. 247 , 205 , C. 1004, H. 588). 

py-Diketov diene Acid, fiy-Dtoxovalenc Acid, CHaCO.CO.CllaCOjH, is 
unknown ; but its derivative, 

P-Isonilrosolfeviihmc Actd, CHaCO.C(NOH)CJ I2CO2H. m.p. 119* with 
decomposition, is formed from acctosiiccinic estci (p. 568). When fused, it 
loses (.Oa and changes iflito isonitroso-methyl-ethyl-kLlone (p. ^51). 

a Di..etocarbo\yiic Acids include siearoxvlic acid, and behenoxylic acids, etc., 
which have already been refc'iied to (p. 304). 9, 12-Jhketosteartc Acid, m.p. 96®, 

is obtained from ncinosteaiolic acid (p. 302) C. 1907, 1. 91O). 

jS'DiKotocarboxylic Acids. 

Acetyl Pyroracemic Ester, Acetone Oxalic Estet, ay-Diketo- or ay~Dioxo~valeric 
Ester, CHaCO.CHaCO.C^OaCalla, is formed from one molecule ot act tone, one 
molecule of oxalic ester, and sodium cthoxide solution (C. 1908, 1, 1379). Ferric 
chloride produces a dark red colour. The free acid liberated from the ester 
condenses to sym.-h5^droxytoluic acid, COaH[i]C8H3[3,5](OH)CJT3 (B. 22 , 
3271). Acetone oxalic c.ster and phenylhydrazine foim Phenyl Pytozole Car- 
boxyhc Es*cv, m.p. 133® (A. 278 , 278). With chloral it behaves as an a-hydroxy acid 

and there results Acetyl Pyroracemic Chlorahde, CHa.CO.CH:C<C^Q 5 ^CH.CClj, 
m.p. 137® (H. 31 , 1305). 

I^esides ac» tone, other ketones, such as ethyl methyl ketone, isobulyryl, 
and butvr\d kilmu', react with oxalic ester and sodium alcoholate to loim Pro- 
pionyl Pvroracomc Ester, CHaC'Ha^O.CHaCOC O2C.2II5 {?), bp-o-, 7^-78®; acid, 
m.p. 83 (B 39 , i ?33), I^obutyryl Pyroracemic Ester, (Cfl2)2CllCO.CIl2t OCOaralfg, 
and Butvryl Pytoracemic Ester, CHaCHaCHaCOCllaCOCOaCaHn (C 1902, II. 
189 ; 1903, 1. 1 38) 1 espectively. 

Dtacyl Acetic Esters. 

The hydrogen in acetoacctic ester can not only be replaced by alkyls, as 
abuniLintly shown above, but also by acid radicles (comp. p. 419), by acting with 
acid chlorides on the sodium compound suspended in ether. 

a- Acetyl Acetoacetic Ester, Diacetyl Acctoacetic Ester, (CH3CO)aCHCOaC2Ha, 
b.p.50 127°, IS prepared bv the action of acetyl chloride as indicated <tbove ; by the 
transformation of the isomeric ^-acetoxycro tonic ester by means of KaCOg, 
or by heat (p. 418) ; by the action of alcohol on the reaction product of AICI3 
and acetyl chloride, (CHaCOlaCH.CCljOAlCla (p. ^50) (Gustavson, B. 21 , R. 252). 
The anilide, (CH3CO)aCH.CONHCgHa, m.p. 119®, results from the union of 
diacetyl methane with phenyl isocyanate, and a trace of alkali (B. 37 , 4627 ; 
38 , 22). The diacetoacctic ester, like acctoacetic ester itself, forms metallic 
salts. Water at ordinary temperatures slowly converts it into acetic acid and 
acetoacetic ester: sodium ethoxide causes the displacement of the acetyl 
group with the formation of acetic ester and sodium acctoacetic .ester Pyridine 
and acetyl chloride form an 0 -acetate, rH3C(OCOCHa):C(rOCH8)COaCaHa, 
b.p.io 143® (B. 33 , 1245). Cyanacityl Acetone, see Acetyl Acetone (p. 351). 
Methyl Diacetoacetic Ester and Ethyl Diacetoacetic Ester are volatile only under 
reduced pressure. 

Diacyl acetoacetic ester containing two different acid radicles can be decom- 
posed in three ways (comp. pp. 217. 35 i» 1^5). When such an ester is treated 
with water at 148-150®, there arc formed diacyl methane, CO,, and alcohol ; 
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ammonia or fixed alkali in the cold produces mono-acyl acetic ester and acetic 
acid ; heated with hydrochloric at 1 30-1 40® it breaks down into alkyl methyl 
ketone, CO2, acetic acid, and alcohol (C. 1903, 1 . *225) : 


RCOv 

>CHC02C,H, 

CHsCO'^ 


> RCOCHjCOCH.+COj-f-CjHjOH 

> RCOCClaCOjCjlIj+CHgCOOH 

> RCOClia-i-COa-fCsHgOH+CHaCOaH 


lodo-alkyls react with sodium diacyl acetic ester and form acyl alkyl acetic 
ester by replacement of thu acetyl gioup (C. 1904, II. 25). 

Propionyl Acetoacetic Lster, C2H6C0CH(C0CHj)C02C2H6, b.p.jo m®; copper 
salt, m.p. 89®. n-Butyyyl Acetoacetic Methyl Ester, b.p.^^ 105°. Isohutyryl 
Acetoacetic Ester, b .]>.,6 114 ®. Caproyl Acetoacetic Ester, b.p.,o lib®. Butyryl 
Isohutyryl Acetic Lstir, Cl-l3CH2CH2C0CH[C0CH(CH3),JC02C2H5, b.p.i, 125®. 

Pfi-Diacetopropto) n I'ster, (CHaCOgCHCHjCOaCaHa, b.p.24 147®, pP-Diaceto^ 
isobutyric Ester, (CiT3LO)2CHCH(CIl3)COaC2H3, b.p.,, 150®, yy~D%acetohutyric 
Methyl Ester, (CH aC Oj/'llCHgCHaCOaCHa, b.p.24 ibi®, are formed from sodium 
acetyl acetone and chloracetic ester, a-broinopiopionic ester, and j8-bromo- 
propionic ester, respi'ctively. Sodium alcoholate decomposes diacctopropionic 
CvSter into acetic ester and Idevulinic ester ; sodium alcoholate and iodomethane 
break it c^owii into acetic ester and j8-methyl laevulini9. ester. Diacctobutyric 
ester und-ngoes similar changes (C. 1902, 11 . 345). 

y-Acet\l Acetoacetic Ester, Triacettc Acid is prepared in the form of its 
I i 

lactone, CllaCiCllCO.CHaCOO, by heating dehydracetic acid (q.v.) with sulphuric 
acid (B. 34 , R. 857). When heated with acetic anhydride and sodium acetate it 
is then reconverted into dehydracetic acid (B. 37 , 338 ; C. 1905, I. 348 ; 1906, 
II. 1044). 

y- Acetyl Dnn ethyl Acetoacetic Methyl Ester, a-Dimethyl Tridcetic Ester, CH,- 
CO.ClIg.COi. il3)2COaCH3, is torined, together with isobutyric ester, from 
dimethyl aciao.icetic methyl ester and sodium at 115-125° (B. 31 , 1339). 

y- Acetyl a-Dimethyl Acetoacetic Ester is similarly lormcd from diethyl aceto- 
acetic ester and sodium otlioxide (B. 33 , 2683). 
y-Diketocarboxylic Acids. 

A cetony I Acetoacetic Ester, aP-Diocetopropionic Ester, CH3COCHa.CH(COCH3)- 
CO^C^lla, is formed from chJoracetono and sodium acetoacetic ester. Fuming 
hydrochioric acid turns it into pyrotritaric ester (B. 17 , 2759). 

Win n heated with watcT to 160° the ester yields acetonyl acetone (p. 351). 
Acetonyl Ltevulimc Acid, CHaCOCllaCHaCOCHfCIIaCOoH, m.p. 75®, is 
formed from furfuracetone (Vol. II.) when heated with hydrochloric acid (B. 32 , 
1170). 

Unsaturated Diketocarboxylic p-Mesityl Oxide OxalicAcid^{Cll^)^C:Cii.- 
CO.CH2CO.CO2H, m.p. 106° with decomposition. Potassium hydroxide 
liberates it from cither its ethyl ether, m.p. 59°, b.p.,, 143®, or its methyl 
ether, m.p. 07®. On allowing sodium in ether to act on molecular quantities 
of mesityl oxide and oxalic ester, then acidifying with dilute sulphuric acid and 
distilling, n mixture of a- and / 3 - mesityl oxide oxalic esters results. Jt can be 
separated by means of a sodium carbonate solution, in which the a-ether alone 
is soluble. Ferric chloride turns this a blood red. 

tt- or aci-Mesityl Oxide Oxalic Ethyl Ester, (CH3)2C:CHC(0H):CHC02C2H„ 
m.p. 21®, gives a blood-red coloration with ferric chloride. Potassium hydroxide* 
solution liberates the corresponding acid, m.p. 92 (A. 291 , iii, 137). 


15. MONOIIYDROXY-DICARBOXYLIC ACIDS 
¥ 

A. MONOHYDKOXY-PARAFFIN DICARBOXYLIC ACIDS, C,H2„-i(0H)(C02H)2. 

Numerous saturated monocarboxylic acids are known : thus, 
the liydroxymalonic acid group corresponds wdth the malonic acid 
group, hydroxysuccinic acid group with the ethyl succinic acid group, 
hydroxyglutaric acid group with the glutaric acid group, etc. 



HYDROXYMALONIC ACID GROUP 549 

It may be mentioned h^e that there are many representatives of 
these acids in which the hydroxyl group occupied the y-position with 
reference to the carboxyl group, and these acids, when separated from 
their salts, readily part with water and become lactones. In general, 
the alcoholic hydroxyl group is introduced into the dibasic acids, just 
as it is done in the case of the monobasic acids. The reaction leading 
to the alkyl paraconic acids (p. 557) is worthy of mention. It is a 
condensation reaction between aldehydes and succinic acid or mono;* 
alkylic succinic acids (p. 493). 


HYDROXYMALONIC ACID GROUP 

CO H 

Tartronic Acid, CH(OH) i Hydroxymalonic Acid [Pro- 

panol diacidj, in.p. i84°^With decomposition, is produced : (i) From 
glycerol by oxidation with potassium permanganate ; {2) from chloro- 
and bromo-malonic acid by the action of silver oxide or by hydro- 
lysis of their esters with alkalis ; (3) from trichlorolactic acid when the 
latter is digested with alkalis (B. 18 , 754, 2852) ; (4) from dibromo- 
pyroracemic acid when digested with barium hydroxide solution ; 

\(5) from mesoxalic acid (p. 562) by the action of sodium amalgam. 

(6) Nucleus synthesis : fiom glyoxylic acid (p. 400) by the action of 
HNC and hydrochloric acid, (7) by the spontaneous decomposition 
of nitroiartanc acid and of dihydroxytartaric acid. (8) It can be con- 
veniently prepared from tartaric acid by allowing it to remain in con- 
tact with nitric acid and P2O6 (A. 343 , 154). 

Its formation from nitro tartaric acid, described in 1854 by Des- 
saignes, lias given it the name tartronic acid. 

Tartionic acid is easily soluble in water, alcohol, and ether, and 
crystallizes in large prisms. On melting it is decomposed into carbon 
dioxide and poly gly collide, (C2H202)^if (p- 3G7) (H. 18 , 756). 

The calcium salt, C3H205Ca, and barium salt, C3H205Ba+2H20, 
dissolve with difficulty in water, and are obtained as crystalline pre- 
cipitates. 

Ethfl Ester, CH(OH)(COjC,H6)a, b.p. 222-225® (B. 18 , 2853) ; Ethoxyl MaJtonic 
Acxd, OaHaO.CH(COaH)j. m.p. 124® ; ethyl ester is formed from ethoxyl acetic 
ester {q.v,) ; acetate, CH,CO.OCH(COjCaHj)2, b.p-ea 158-163® (B. 24 , 2997). 

Chloral- and bromal-cyanhydrins (p. 379) and trichlorolactic acid (p. 368) 
may be looked on as being derivatives of tartronic acid. See also Chloro- and 
Bromo-malonic ester (p. 489). 

Nitromalonic Ester, NOj-CHfCOjCaHj), b.p.,^ 127®, and mtromalonamide, 
NOaCH{CONHj)a, are prepared from malonic acid and malonamide, rcbpcctively, 
by nitric acid (C. 1901, I. 1196; 1902, I. 1198; 1904, II. 1109). Nitromalonic 
Dimethylamide, N02.CH(C0 NHCHa)2f ui.p. 156® (B. 28 , R. 912). Fulmtnuric 
Acid IS a nitromalonic acid derivative (p. 250). • 

Methyl Nitromalomc Ester, N02C(CH,)(COjCjH5)a, is formed^ from the 
ammonium salt of nitromalonic ester and iodomethane. The higher alkyl^^*^ 
nitromalonic esters are obtained by nitrating alkyl malonic esters. Sodium 
alcoholate converts them into nitro-fatty acid esters (C. 1904* 1600). 

Aminomalomc Acid, NH,CH(CO,H),, m.p. 109 with decomposition, ia 
formed by the reduction of isonitiosomalonic acid (p. 563) ; from chloromalouic 
acid and ammqpia (B. 2550) ; by alkaline decompobition of uramil (p. 578) 
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(A.‘ 333 , 77). It forms brillijiit prisms. Whtn wanned in aqueous solution 
it is decomposed into COg and glycine (p. ^85). Methyl Ester Hydrochloride, 
Jn-p- 159° wdth decomposition, ami Lthyl Ester Hydrochloride, m.p. 162° with decom- 
position, are obtained from tbiir acids, and from the isonitrosomalonic esters 
by reduction. Ammonia piodiit's fiom them Aminomalonamide, m.p. 192® 
with decomposition (li. 39 , 314). This body is also prepared from chloromalonic 
ester and alcoholic amiiiom.i at 130°, together witli some Iminomalonamide, 
NH[CH(CONH2)i]2 15 . ^^”7)- Aminomulonomirile, NH2.CH(CN)2, m.p. 184°, 
is a product of polymerization of hydrocyanic acid (p. 241) (B. 35 , 10S3 ). A nilino- 
malonic Acid, C,H5Nil.CII(< OoUjofUi-P- 1-21° 1897, 5^8; 1898, 1 . 829). 

The esters of this acid .lu (ondensed to indoxylic ester (see Indigo, Vol. II.). 
Phthalimidomalomc C2H4(CO)3N.CH(CO 202115)2, m.p. 74®, is formed 

from bromomalonic ester and potassium phthalimide (C. 1903, II. 33). 


Alkyl Tartronic Acids. — Methyl Tartronic Acid, Isomalic Acid, a-IJydroxyiso- 
succinic acid, CTi ^t'(011)(C02H)a, is obtained (i) by the action of silver oxide 
on bromisosiicntiK .icid ; (2) when hydrocyanic acid acts on pyroracemic 
acid ; Pyroiacennc ( ster and hydrocyanic acid prodm *' the nitrile ester, 
CH3C(OH)(('N)t i )„C2H5, m.p., 2 105®, which is converted on hydrolysis to iso- 
malic acid (C T.sgg, 1. 120b; B. 39 , 1858); (3) Diacelyl cyanide (p. 409^ the 
acetate of Methyl T artrodimirile , CIl3C(OC OCll3)(CN)2, is hydiolyzed by fuming 
hydrochloric acid to methyl tailronic acid (B. 26 , R. 7 ; 27 , K. 5x0). The acid 
breaks down into COj and lactic acid when it is lieatecl to i jo°. 

Ethyl Tartjouic Acid, CalleC^UH )(C02n)2, m.p. 98”, is loaned (i) on boiling 
ethyl ( hloiomalonic <*ster with barium hydioxidc solution (]>. 401); (2) from 
dipiopionyl cyanide (p. 409); (3) by the action of ethyl iodide on sodium 

acetartionic esb r (B. 24 , 2990). When heated above its melting point it breaks 
clow n into (.'Og anil rw-hydroxy butyric acid. Ero[>yl Tartronic Acid, CH sC't f gC'Ha.- 
C(0H)(('02ll)2 fllaO, m.p. 52-5b°. and Isopropyl Tartronic Acid, decompo.ses 
at 149 , are lormed by the hy^lrolysis of dibutyryl and diisobutyryl dicyanidc 
(p. 4()<)) (B. 28 , K. 295). 

a-Amutoiso'^iitcunc Acid, CIl3.C(NHa)(COOH)a, results when pyroracemic acid 
is acted on with IINC and alcoholic ammonia (B. 20 , R. 507). 

P-II\\hovyi<iosucctnic Acid, CH20Il.CH(C0aH)2, a syrup, is produced by 
hyclrolvsis ol the reaction product of chloromethyl etln t (p. 207) and sodium 
malonu' ester. 11 diTomposes at 113° into II2O, COo, and aciylic acid (C. 1904, 
II. O41), ethyl ( gllsf >('H2-^'H(C()2H)2, has been obtained from methylene 

malonic ester (p. so^) by the act ion of alcoliolic potassium hydioxide (B. 23 , R. 194). 


y-Hydroxyalkyl rdalonic Acids. The following y-hydrox) malonic acids are 
only known in the lorin of alkali or alkali earth salts. riie.se arc produced 
when tile coiresjionding y-lactone carboxylic acids are treated with alkali 
hydi oxides or the hydroxides ol the alkali earths. The y-l.ictonic acids can 
easily be obt lined from these salts; these .salts are produced liy treatment with 
carbonates 


CH2CHaCHC02H . 

Butyrolactone a-Carhoxylic Acid, I | , is prepared from brom- 

O CO 

ethyl malonic acid, PrCH2rTl2.CH(C02H)2, m.p. 117°. This is the hydro- 
bromide addition pioduct of vinaconicacid, the In met hylei}(-i,\-di carboxylic acidy 
when it is heated uilh water, also on digesting the latter with dilute sulphuric 
acid (A. 227 , 31). Heated tu 120®, butyrolactone carboxylic acid breaks down 
into CO2 and butyrolactone (p. :j73). The ethyl ester, 175®, is formed by 

the combination ol ethvh iie oxnlc and sodium malonic ester, whereby hydroxy^ 
ethyl malonic ester is produced, which immediately loses alcohol to form a lactone. 
Ammonia converts the lactone ester into ^-Hydroxy ethyl Malonamide, HOCHgCH,- 
CH(C0NH2)2. ^-P- * 34 , 1976). The phenyl ether of Hydroxyethyl Tartronic 

Acid, CeH50.CH2.CH2.CH(COOH)5, m.p. 142® (B. 29 .R. 286). 


a-M ethyl Butyrolactone a-Carboxylic Acid, \ 

O 


CH2CH2C(CHa)CO,H 


-CO 


in.p. 98®, 


results when bromethyl isosuccinic ester, the reaction product of ethylene bromide 
and sodium i.sosuccinic ester, is treated with iiarium hydroxide solution and then 
acidified 1 A. 294 , 89). 
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a-Carbovalerolactonic Acid, y- Methyl Butyrolactone a -Carboxylic Acid, 
CH,CHCH,CHCOaH 

I I , results when allyl malonic acid is acted on with HBr. 

O 

It breaks down at 200® into CO, and y-valcrolactone (p. 374). 


HYDROXYSUCCINIC ACID GROUP 

Malic Acid, Hvdroxy ethylene Succinic Acid (Acidum malicum), 

IJC) *CHCU,H 

[Butanol diacid] . I , m.p. 100®. Since malic acid contains 

CH gCOjH 

an asymmetric carbon atom, it can occur in three modifications : 
(i) a dextro-rotatory form, (2) a laevo -rotatory form, and (3) an 
inactive [d-fl] variety. This is a compound of equal molecules of 
the dextro- and laevo-rotatory modifications. 

Tlu' la^vo-varioty, occurs free or in tlie form of salts in many plant 
juices, hence it is Ireqiuintly spoken of as ordinary malic acid. It is 
found free in unripe apples, in grapes, and in gooseberries, also in 
mountain ash benies {Sorhus aucuparia), in Berberis vulgaris, and 
in the sea buckthorn (or sallow thorn), Hippophae rhamnoides 
(B. 32 , 3351). It ’s obtained from the last-named fruits by means of 
the calcium salts (A. 38 , 257 ; B. 3 , 966). Calcium hydrogen malate 
exists in tobacco leaves ; potassium hydrogen malate in the leaves 
and rhubarb (C. igo2, I. 1399). On malic acid obtained 

from the Crassulacece, see B. 31 , 1432. 

Historical. — Ordinary malic acid was discovered in 1785 by Scheele in unripe 
poosoberries. Liebig asccrtaincil its composition in 1832. Pasteur, in 1852, 
obt iincti inai live malic acid from inactive aspartic acid, and Kekult' (1861) made 
It iioin bromosiiccinic acid. 'I'he dcxtro-acid was first obtained by Bremer in 
the rcdiiclioii of dcxtro-tartaric acid. 

Formation of O/'itically Inactive or (d-f-l] Malic Acid, m.p. 130° (B, 29 , 1698) : 

1. From tiu- uiono-ammonium salt of laevo- and dextro-malic acid. 

2. By hoalin*.; tumaric acid to 150-200° with water. 

3. When fumanc or maleic acid is heated with sodium hydroxide to 100® 
(B. 18 , 2713). 

4. By treating monobroniosiiccinic acid with silver oxide and water with 
water alone, wdth dilute hydrochloric acid, or with dilute sodium hydroxide at 
100® (B. 24 , R. 970). 

5. By the action of NjOj on inactive aspartic acid. 

6. By the reduction of racemic acid with hydriodic acid. 

7. When oxalacctic ester is reduced with sodium amalgam in acid solution 

(B. 24 , 3417: 26,2448). 

8. By the action of potassium hydroxide on the transposition-product of 
KN(' and j8-dichloropropionic ester. 

9. By saponifying the esters of chlorethane tricarboxylic acid. 

10. When potassium hydroxide acts on y-trichloro-p-hydroxybutyric acid, 
CCl3CH(OH)CH2CO,H, the reaction-product of glacial acetic acid oi pvndinc with 
chloral and malonic acid (B. 25 , 794 ; 38 , 2733). 

The identity of the acids from i to 6 has been proved by means of the weU- 
crystallized mono-ammonium salt, C4HgOjNH4-f HjO, of the inactive acid 
(B. 18 , 1949, 2170). 

Formation of the lavo- and dextro- forms: Both acids can \S^y 
produced by resolution of the inactive malic aCid by cinchon He" 
(B. 18 , 351 ; 18 , R. 537). Tlie dextro-acid has also been obtained 
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by, the reduction of ordinary or dextro-tartaric acid with hydriodic 
acid, and by the action of nitrous acid on dextro-aspartic acid, 
whereas l-asparagine and 1-aspartic acid yield ordinary or 1-malic 
acid (B. 28 , 2772). The two optically active malic acids can be 
converted into each other by treating chlorosuccinic acids, obtained 
from them by the action of Ids, with moist silver oxide {Walden, B. 
29 , 133). 

Properties. — ^Malic acid forms deliquescent crystals, which dissolve 
readily in alcohol, slightly in ether. 

Reactions. — (i) When heated to 100® anhydro-acids are formed 
(B. 32 , 2706) ; at 140-150® mainly ^umaric acid results ; when rapidly 
heated to 180® it decomposes into water, fumaric acid, and maleic 
anhydride (pp. 510, 511). Prolonged boiling with aqueous sodium 
hydroxide converts malic acid partially into fumaric acid (B. 33 , 1452). 
(2) Oxidation with permanganate or hydrogen peroxide in presence of 
ferrous salts produces oxaloacetic acid (p. 564). (3) Reduction gives 

rise to succinic acid. It results from the fermentation of the calcium 
salt by yeast, of the free acid by Bacillus alrogenes (B. 32 , 1915), and 
when the acid is heated to 130® with hydriodic acid (p. 492). (4) Heating 
with liydrobromic acid produces bromosuccinic acid; 1-malic acid 
and pels at ordinary temperatures yield d-chlorosuccinic acid, which, 
with moist silver oxide changes into d-malic acid (pp. 499, 500). (5) 
When heated alone or with sulphuric acid or zinc clilorido, it is con- 
verted into coumalic acid (p. 561). (6) On being heated with phenol 
and sulphuric acid, coumarin results; it is possible that the halt alde- 
hyde of malonic acid CHO.CH2.CO2H is first formed, with which the 
phenol then condenses (B. 27 , 1646). 

Salt and esters of i-maht acid: Mono^ammonium Malatc, C4H5OJNH 4+1^20 
(B. 18 , 1949, 2170). Resolution into the optical componints (B. 31 , 528). 
%-Malic Diethyl Ester, CaIl3(01I)(C02CaH,)a. b.p. 255® (B. 25 . 2^48). 

Salts of the Icevo-acid, malates : Mono-ammontum salt, C4H504(NU4), when 
exposed to a temperature of 160-200®, becomes converted into fumarimide 
(A. 239 , 159 note). 

Neutral Calotum Malate, C4H405Ca+H,0, separates as a ciystalline powder 
on boiling. Acid salt, (C4H505)aCa4-6H,0, forms large crystals which are not 
very soluble in cold water, but are more soluble in hot (B. 19 , K. 679). 

\-Malic Ethers and Esters : The dialkyl esters are prepaicd from malic acid, 
alcohols, and hydrochloric acid. They can be distilled unchanged (Z. phys. Ch. 16 , 
494), but when slowly heated pass into fumaric esters (B. 18 , i<)5Z). Reaction 
with PCI5 and PBr^ in chlorolorm changes them into d-diloio- and d. bromo- 
succinic esters (p. 490). Attempts to prepare malic esters by means of the silver 
salt of the acid result in the partial substitution of the hydioxyl hydrogen by 
the alcoholic radical (C. 1899, I. 779). 

The optical rotatory power of many of these esters has been determined ; they 
are laevo-rotatory (B. 28 , R. 725 ; 29 , R. 164, C. 1897, 1 . 88) : 

1 -Malic Methyl Ester b.p j 122® ; [ajn = — 6.88, [M]d = — ii‘i5 

1 -Malic Ethyl Ester „ 129® ; [ajo “ — 10.64, [M]d = — 20-22 

1 -Malic n-Propyl Ester „ 150®; [a]i> = — 11.60, [M]© = — 25-29 

1 -Malic n-Butyl Ester „ 170® ; [a]o = — 10.72, [MJ^ » — 26*38 

Triethyl Ester, CjHjO.CallafCOjCjHj),, b.p., 5 119® (il- 18 , 1394)* 

Acetyl Malic Acid, CHaCO.OCaHgCCOjH),, m.p. 132®. 

Acetyl Malic Dimethyl Ester, CH5CO.OCaHs(COaCH3),, when carefully dis- 
tilled at the ordinary tcmpLiature, yields fumaric dimethyl ester. Acetyl 
Malic Anhydride, CH8( O.OCaHa(CjO,), m.p. 54“, b.p.14 lOi®, decomposes when 

a 
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distilled at the ordinary tempeiaturc into maleic anhydride and acetic acid 
(A. 254 , 166). ’ • 

Acetyl-I-malic Methyl Ester, b.p.,, 132®; [a]D= — 22-86, [M]d=s — 46*64. 

Acetyl-l-mahc Ethyl Ester, b.p.,, 141® ; [a]D== — 22*60, [M]d*® — 52 * 43 * 

Propionyl-l-malic Methyl Ester, b.p.,a 142° ; [a]D= — 23 08, [M]„= — 50*31. 

On the homologous sertes of acyl l-mahc ethyl esters and their molecular rotations 
(Z. phys. Ch. 86, 129). 

Nitromalic Ester, NOj.OCH(COjR)CHjCOaR ; methyl ester, m.p. 25® {o]*J 
— 33*01®, and ethyl ester, b.p. 148-151® [o]!,**— 31*24®, are prepared from the 
1 -malic esters and nitrosulphuric acid (B. 35 , 4363). 

Amides of the malic acids, a- and P^Malic Mono-amides, NH2CO.CH(OH)CHt- 
COOH and HOOC.CH(OH)CH2.CONHa, and their esters are formed from the 
malic esters and alcoholic ammonia ; from malonamidc by partial hydrolysis ; also, 
from bromosuccinic acid and ammonia, a reaction which may result in this amide, 
partially or wholly in place of the expected aspartic acid ( 13 . 41 , 841). Malamide, 
I 40 .C 2 H 8 (C 0 NHa)*, is prepared Irom the monoamidomalic ester and from the 
malic ester by the action of ammonia (C. 1900, 11. 1009). 

Thiomahe Acid, HOOC.CH2CIl(SH)COOH, m.p. 150®, is formed by the 
action of ammonia on Xanthosuccinic Acid, HOOC.CH2CH(SCSOC2H5)COOH, 
m.p. 149®, winch in turn is prepared from bromosuccinic acid and potassium 
xanthoganate (A. 339 , 369 ; B. 38 , 2687). 

Snlphosuccinic Acid, SOaH-CaHsCCOOH)!, is prepared from succinic acid 
and SO, (A. 175 , 20). 
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Aspai tic ac id bears the same relation to malic and succinic acids as glycocoU 
bears to glycollic acid and acetic acid ; hence, it may be called aminosuccinic 
acid : 


NlIj.CHaCOjH 

Glycocoll. 

NHj.ClICOjH 

CH2CO2H 
AmmosucciOic Aud. 


HO C1T,C02H 

Glycollic AuJ. 
HO.CHCO 2 H 

I 

CH,CO,H 

Malic Add. 


CHs.COjH 
Acetic Acid. 


CH2 COjH 

(!;h,.co,h 

Succinic Acid. 


Aminosuccinic acid contains an asymmetric carbon atom, so that 
like malic acid, it appears in three modifications. The 1 -aminosuccinic 
acid or laevo-aspartic acid is the most important of these. See also 
d- and l-chlorosuccinic acid (p. 499) and d- and 1-malic acid (p. 551, 
etc.). 

Inactive [d+ 1 ] Aspartic Acid, Asparacemic Acid, C2H2(NH2)(C02H)2, is 
produced : 

(1) By the union of 1 - and d-aspartic acids. 

(2) On heating active aspartic acid (a) with water, (b) with alcoholic ammonia 
to 140-150®, or (c) with hydrochloric acid to 170-180® (B. 19 , 1694). 

(3) When fumarimide (p. 522) is boiled with hydrochloric acid. 

(4) On heating fumaric and maleic acids with ammonia (B. 20 , R. 557 » 

R. 644). 

(5) By evaporating a solution of hydroxylamine fumarate (B. 29 , 1478). 

(6) By reducing oximidosuccinic ester with sodium amalgam (B 21 , R. 351). 

Benzoyl Asparacemic Acid is resolved into its optical components by means 

of brucine (B. 82 , 2461). 

Like glycocoll, it combines with alkalis and acids yielding salts. 

Nitrous acid changes it into inactive malic acid. 

[d+l] Aspartic Diethyl Ester, NH2.C2H,(C02C2H5)2. b.p.2g I 5 ^i 54 *» Is pro- 
duced on heating fumaric mud maleic esteis with alcohohe ammonia (B. 81 , R» 
86J. 
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NHj.CHCOjGjH, 

Aspartic Mono-ethyl Ester, | m.p. 165* with decomposition, 

CHjCO.H 

is formed by the reduction of a-oximidosuccinic monetlix l evster and the oxime ol 
oxalacetic diethyl ester. Ammonia converts it into tnuiUve a-asparagine (con- 
stitution, comp. p. 555). 

CH.COCaH, 

p- Aspartic Mono-Ethyl Ester, | , m.p. 200® with decomposition, 

NHa.CHCOaH 

is also obtained from the oxime of oxalacetic ester by reduction with sodium 
amalgam. A partial sci])onification occurs at the same time. Ammonia converts 
it into the two opttcallv active asparagines, which are therefore jS-aminosuccinamic 
acids. 

Phenyl Aspartu And, C gNH.CH (CO. 2ll(CH * 00 * 11 , m.p. 131°, is formed 
by the action of biomosuccinic acid on aniline. Phenyl Asparaginanil, 
C*H5NHCaH,C*0,.NC*H5. m.p. 210®, results on adding aniline to maleinanil 
(A. 239, 137). 

, ^ CH*CO*H OOC.CII* . , 

l-Aspartic Acid, NH,tHCO.H kH,-6HCOOF' 
obtained from the beet root, and is procured from proteins in 
various reactions. It is obtained by the splitting of ld+\] aspartic 
acid (see abov(‘), and from 1-asparagine by boiling it with alkalis and 
acids (B. 17 , 2929). 

It crystallizes in small rhombic leaflets or prisms, anti is not very soluble in 
water. Nitric acid converts it into ordinary 1 -malic acid ( 13 . 28 , 27G9). l-Aspartic 
acid IS hfivo-rotatory in alkaline solutions, and dcxtro-rotatoi y in acids ; dextro 
in aqueous solution at low temperatures, and lajvo at hitcher temperatures. 
L'liis behaviour may be due to dissociation of cyclic ammonium salts (above) 
( 15 . 30, 294). Diethyl Ester, b.p.,, 126®, is formed from aspartic acid or asparagines 
by alcohol and hydrochloric acid (B. 34, 452 ; 37, 4599) ; dimethyl ester, b.p.j* 
120® (B. 40, 205S). 

d- Aspartic Acid results when d-asparagine is boiled with dilute hydrochloric 
acid (B. 19 , 1694) ^^nd from 1 -chlorosuccinic acid (p. 499 )- 

CHXONH, 

1 - and d-Asparagine, | are the monamides of 

NHa.CHCOjH 

the two opticiilly active aspartic acids, and are isomeric with mala- 
mide (p. 553). Crystallographically, they are identical as regards the 
hemihedral surfaces (C. 1897, II. 1108). 

Historical. — As early as 1805 Vauquelin and Robiquet discovered the laevo- 
asparaginc in asparagus. Liebig, in 1833, establisht'cl its true composition. 
Kolbe (1862) wds the* first to regard it as the amide of amiiiosuccinic acid. IHntti 
(1886) discovered dextro-asparagine in the sprouts of vetches, in which it occurs 
together with much laevo-asparagine. 

Laevo-asparaginc is found in many plants, chiefly in their seeds ; 
in asparagus (Asparaf^us officinalis), in beet-root, in peas, in beans, and 
in vetch sprouts, from which it is obtained on a large scale, and also in 
wheat. The laevo- and dextro-asparagines not only occur together in 
the sprouts of Vetches, but they are found together if asparaginimide, 
produced from bromosuccinic ester, is heated to 100° with ammonia; 
or by the action of alcoholic ammonia on j 3 -aspartic ester (B. 20 * 
R. 510 ; B. 22, R. 243). A mixture of the two naturally occurring 
asparagines has been produced by heating maleic anhydride to no® 
with alcoholic ammonia (B. 29 * 2070). 
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Both optically active asparagines crystallize in rhombic, right and 
left hemihedral crystals, which Assolve slowly in hot water, in alcohol 
and ether, but they are not easily soluble. It is not possible for them 
to combine in aqueous solution to an optically inactive asparagine. 
It is remarkable that the dextro-asparagine has a sweet taste, whilst 
the laevo-form possesses a disagreeable and cooling taste. Pasteur 
assumes that the nerve substance dealing with taste behaves towards 
tlie two asparagines like an optically active body, and hence reacts 
differently with each. 

Similar differences of taste are observed with d- and 1-valine (p. 389), 
d- and 1-leucine (p. 390), and d- and 1-serine (p. 540). 


Constitution of the Asparagines. — When the oxime of oxalacetic ester (1) (below) 
is reduced with sodium amalgam, cither a- or ) 3 -cthyl aminosuccinic acid (2 and 3) 
“ts formed with a partial saponification, depending upon the conditions of the 
reaction. The constitution of the a-acid, m.p. 165®, follows from its formation 
by the reduction of the two probable spacial isomeric oximidosuccinic ethyl 
ester acids (4), which split oft COj and yield a-oximidopropionic acid (5) (p. 410). 
Hence, it may be inferred that the acid melting with decomposition at 200® 
contains the ammo group in the ^-position with reference to the carboxethyl 
group (B. 22 , R. 241). Ammonia converts both acids into their corresponding 
amino-acids We obtain inactive a-asparagine (6) from the a-acid, and from the 
jS-acid a mixture of tlic two optically active j 3 -as])aiai»incs (7) results : 


ROCO.C'iNOH 
^ KOCO.ClIa 

HOCOC'IINH, 
' RJCO.CHa I 

HOCOCHNH, 

'NIIXO '‘Ho 


ROCO.C:JSOH 

iioco.ciij I 

RO('OCHNH, 

JfOCO.CIl 


ROCO.CiNOH 

CH, 


d- and 1- NHaCO.CUNHj 

jS-Aspauepne HOCO.CH2 a- Asparagine 


[d 4 l]-a-Asparagine, Isoaspaiagme, HOaC.CH2CH(NHa)CONH2, decomposes 
at 214®, is loiined lioni aspaiat;inL iiiiide, aspartic dimethyl ester, and a-aspartic 
mono-ethyl ester by the action of concentrated ammonia ; also, from the potas- 
sium salt of ammofumaric nionoamidc (p. 5()6) and aluminium amalgam (C. 
1897, 1 304). 

Asparagine Dtamide, NlT2CO.CH(NH2)CHaCONH2, m.p. 131®, is prepared 
from aspiiitic estci and fluid ammonia. It is very soluble in water, and is 
easily d« composed. Asparagine Imtde, D%-aci-piperazine Diacetamide, (C4HeONa)a 
(formula, see below), decomposes at 250®, is formed at the same time as asparagine 
diamide ^abovc). It forms needles, and is with difficulty soluble in water. * It 
is also pre])c\red from bromosuccinic ester and ammonia ; and from Di-act- 
ptperaeine Diacetic Ester (formula, see below) ; methyl ester, m.p. 248®, ethyl ester, 
m.p. iSo-185®, by the same leagent. The latter ester is also obtained when 
aspartic ester is heate d (B. 37 , 4509 ; 40 , 2059) : 


2RO,c.chch,<nh^*^ 


RO,C.CH,CH<^Q^®>CHCn,.CO,R 
> NH,COCH,CH<^q j|^y>CHCH,CO,NH, 


Hydrolysis of the ester or amide results in the formation of di-aci-piperazine 
diacetic acid, and also the dipeptide. 

Asparty! A spartxc Acid, HOOC.CHaCH(COaH)NHCOCH(NHa)CHaCOaH. 
The di- and tri~peptides of the aspartic series are prepared in the same way as the 
peptides of the simple amino-acids (p. 391. etc.), and se rine, cystine, etc. (pp. 540, 

541 ), e.%. Glycyl Aspartic Anhydride, NHCH,CONHCH((!:0)CHs COOH, from chlor- 
acetyl aspartic e^er ; Leucyl Asparagine, C4Ha.CH(NHa)CONHCH(COaH)CHa 
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CONH,, from bromisocaproyl asparagine ; Aspartyl Dialamne, HOjCCH(CHg)- 
NHCOCHBCH(NH,)CONHCH(CH,)COaH. from funiarvl dialanine and am- 

NHCHCO.NHCll(C4H,)COtH 

mouia.; Clycyl Aspartyl Leucine, I | iTomchlor^* 

NHjCHaCO CHaCONHa 

acetyl aspartyl chloride, ClCH2C01s'HCH(C0Cl)CH£C0NH2i with leucine ester 
and ammonia (B. 37 , 4585 ; 40 , 204S), Hippuryl Aspartic Acid, CjH^CO.NHCHi- 
C0NHCH(C0,H)CHaC02lJ, is prepared from hippurazklc (p. 388, Vol. II. )» and 
aspartic acid, and yields a diazidc, which, reacting with aspartic ester, gives rise 
to hippuryl aspartyl bis-aspatitc ester, and still more complex chain compounds 
(J. pr. Ch. 70 , 158). 

Malle Aold Homologues are formed : by the addition of hydrocyanic acid 
to ) 3 -ketonic esters ; by the addition of HCIO to alkyl malic acids and subsequent 
reduction ; and by the reduction of alkyl oxalacetic esters. 

a-Hydroxypyroiartanc Acid, Citramalic Acid, a- diethyl Malic Acid, 
CH,C(0H)C02H 

I . m.p. 1 19®, is produced (i) in the oxidation of isovaleric acid 

CH,.CO,H 

(p. 260) with nitric acid ; (2) from acetoacetic ester by means of IINC and HCl ; 
(3) by the reduction of chlorocitramalic acid, the addition product resulting 
from the union of IICIO with citraconic acid ; (4) from methyl asparagine and 
nitric acid. It breaks down at about 200® into water and citraconic anhydride 
(B. 25 , 196). 

Citramalic acid is resolved into its optical components by means of brucine 
(B. 32 , 712). a-Methyl Malic Nitnle Ester, Acetoacetic Ester Cyanhydrin, 
CH,C(0II)(CN)CH,C02C,Hb, m.p. 8 5®, b.p.i* 127® (B. 39 , 

a-Aminopyrotartaric Acid. [d+iyHomoaspartic Acid, H02C.CH2C(CH8)- 
(NH2)C02H, m.p. 166®. Its diamide is formed from itaconir, citraconic, and 
rnesaconic esters by the action of ammonia (B. 27 , R. 121). '1 he acid is resolved 

into its d- and 1 - forms by crystallization. Methyl Asparagine. lI02C.Cll2C(CHs)- 
(NH2 )CONHj (?), m.p. 255° with decomposition, is formed from * citraconic 
jicid and ammonia (C. 1898, II. 762). a-Anilinopyrotartaric Acid, HObC.CHjC- 
(CH,)(NP1C4Hb)C 02H, m.p. 135®, results from the hydiolysis of a’anilinO’- 
pyrotartaric monoester nitrile, an oil, which is formed from acetoacetic ester 
cyanhydrin and aniline ; also, from acetoacetic ester anil and hydrocyanic 
acid. Ester Amide, m.p. 119®, is formed from the nitrile and .sulphuric acid in 
the cold ; it is easily converted into the imide, m.p. 168® (B. 35 , 2078). 

The anilinopyro tartaric acid when heated yields a-anilinripjrotartaric anil 
and citraconic anil (A. 261 , 138). 

Clla.CIICOall 

^-Methyl Malic Acid, 1 , is a colourless syrup, readily soluble 

CH(OII)COaH 

in water, in alcohol, and in ether. It is formed when metliyl oxalacetic ester is 
reduced with sodium amalgam, and in an active 1- form from a citraconic acid 
solution by 1 he action of a mould (B. 27 , R. 470). Mesaconic acid and ritraconic 
anhydride* (B. 25 , 196, 1484) are produced when it is heated. , 

fiP -Dimethyl Malic Acid [2,2-Dimethyl-3-butanol diacid], C02H.CH(0H).- 
C(CHj) 2-C02H, m.p. 129®, is obtained by the actio n of alkalis or hydr ochloric 

acid on the lactone. fiP-Dimethyl Malic Lactone, OCH (CO 2H)C(CH 3)200, m.p. 
46®, -f ni.p. 54®, is formed from monobromo-as.-dimethyl-succinic acid and 
silver oxide. It wa.s the first p-lactone of the fatty acid series known (v. Baeyer 
and Villiger, B. 30 , 1954)- When distilled under reduced pressure it is transformed 
into the anhydride, b.p.t2 145-150® (B. 33 , 3270) : 


(CH,)2C~C0 

cOjH.ia.l) 


(CH,),C COy 

).iH— CCK ' 


HO.t 


aP-Dimethyl Malic Acid, CH,C(OH)(CO,H)CH(CH,)CO,H, m.p. 143'’. W 
prepared from o-methyl acetoacetic ester cyanhydrin. During distillation it 
IS converted into pyrocinchonic anhydride 518). This, when heated with 
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alcoholi ammonia, is converted mto Am%no~d%methyl-succ%mc lintde, 
NH,C(CH,) COv 

I >NH. m p i68® (B 88, 1410) 

HCKH8)CCK 

fi Uhyl Malta Aatd, CgHj CH(COjH)CH(OH)COaH mp 87* with decom- 
position Its orthotnchloride a T thyl p Hydroxy y tnchlorohutync Actd CgHsCH 
(C0,H)CH(0H)CU3 m p 137® is formed from chloral ethyl malonic acid and 
P3mdine When heated with potassium hydroxide it is changed into malic acid, 
which on heating decomposes into water and ethyl maleic acid (p 518) (B 88,2733) 
op Methyl Ethyl Malta Actd m p 130° (B 26 , R 190) 

Trtm ethyl Malic Actd Hydroxy Irtmethyl Succtntc Actd mp 155®, is ob- 
tained fioin dimethyl acetoxcctic ester with hydrocyanic acid, with subsequent 
hydro lysis by hydrochloric acid ( B 29 , 1543 1619) The corresponding p lactone 

actd OC(CH3)(COaH) C(CHa)aCO mp 119® is obtained from bromo tnmethyl- 
sucemic acid and silver oxide similarly to the production of PP dimethyl malic 
acid lactone 

Isopropyl Maltc Actd m p 154® fiom bromopimelic ester (A 267 , 132) 
Paraconic Acids are y lactome inds Like the y h> droxyalkyl hydroxymalonic 
acids they art convert d by n-Ikahs and alkdi caiths into salts of the corre- 
sponding hydroxysucc infc leids When the Uttei arc set free from their salts 
they immcdi itcly break down into water and lactonic acids The alkyl paraconic 
acids art loiiiifd when sodium succinate or pyrotirtrate and aldehydes (acetil- 
dehydt chloral piopionic aldehyde) are condensed by means of acetic anhydride 
at 100-120® {Itlttg A 255 , i) 

CH, C OjII CHa ( H CH CO3H 
CH3CHO-M = I I +H ,0 

CHjCOjH OCOtH, 

Sue II I Vrid Methyl 1 in or ic \cid 

CHa— CHCO3H 

Paracenic Acid, I I , mp 57® is best prepared by boilmg 

OCOCll, 

itabromopyro tartaric acid with water and acidifying the calcium salt of the 
corresponding hydroxysuccmie acid —ttamahe actd formed on boiling itachloro- 
pyiotaitaiic acid with a i>oda solution When boiled with bases it foims salts 
of itamalie icid it yields citi iconic anhydride when it is distilled (A 216 , 77 , 
255 , 10) 

CH3— CHCO3H 

PsetidotiarciianiltcActd y AmhUcpyrotartrolactamicActd, | I 

C.Hg N CO CHj 

m p 100° IS form^ d from itaconic acid (A 254 , 129) by the addition of aniline, 
and subscqin nt 1 irtam formation 

( H3CII-— CHCOjH 

y Methyl Paraconic Acid, | 1 mp 845® Ethyl ester, t 

O CO CH, 

56®, is 5lso prepared from acetosuccinic ester by reduction with amalgamated 
aluminiflm Sodium ethoxide solution transforms and hydrolyses it into 
methvl itdconic acid Whin distilled methyl paraconic acid yields v lerol ctonc 
cthylidcnc piopionic acid (p 29S) methyl itaconic acid and methyl citraconie 
cicid (B 23 , R 91) 

CCI3 CH -~CHCO,H 

Trtchloromethyl Paraconic Actd, | | m p 97® is changed by 

O CO CH, 

cold banum hydroxide solution into isocitnc acid (g v ) Reduction (C 1897, 
II 184 1902 II 343) 

CH,CH,CH— CH CO,H 

Ethyl Paraconic Acid, 1 mp 85® C, when dis- 

O CO CH, 

tilled breaks up chiefly mto carbon dioxide and caprolactone (p 374) Hydro* * 
sorbic A.cid is formed at tlie same time (B R 95) 

a-Methyl I aiacontc Actd, CH,CH(C 0 )CH(C 0 ,H)CH ,0 m p 104®. is obtained 
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by the action of sodium amalgam on jS-formyl pyrotartaric ester, the reaction 
product of formic ester, pyrotartaric acid and sodium ethoxide. When heated 
it decomposes partly into water and pyrocinchonic anhydride (p. 518) (B. ST* 
1610). 

ay-Dimethyl Paraconic Acid, CH8CH{CO)CH(COOH),CH(CH8)(!), m.p. 131®, 
b.p-i* 195°. is formed by reducing jS-acetopyrotartaric ester with sodium amalgam. 
When heated it partially breaks down into water anti methyl ctliyi maleSc 
anhydride (p. 519), and into COg and a-methyl ) 9 -peutcnoic acid (CH8CH(C08H)- 
CHi'CHCHa (B. 37 , 1O15). 

(CHal.C CHCO,H 

Terebio Aeld, 1 • 


O.CO.CH* 


Terpenylic Acid, 


(CllalsC CHCHjCOjH 

\ 1 

O— CO- L 


(CH3)aC CHCHjCHgCOaH 

and Homoterpen ylic Acid, | | are three oxidation 

O . CO . CHj 

products of turpentine oil. They will be discussed id' connection with pinene 
(Vol. 11 .), the principal ingredient of the oil. 

I I 

Ptopyl Paraconic Acid, CH3CHaCH2.Cll{0)CH(C0aIl)tTlaC0, m.p. 73*5*, 
yields, on distillation, y-heptolactone (p. 375). heptjdciiic acitl, (',1-1,202, and 
propylitacomc acid, CjHigO* (p. 51b) (B. 20 , 3180). 

llopropyl Paraconic AluI, m.p. 69°, when distilled, decomposes into 
y-isohcptolactonc and isolicptylenic acid. 

i ^1 

Isopropyl Isoparaconic Acid, (Cll3)jC(0)CHaCH(C0).CH2C02H, m.p. 143®, is 
formed from isopropyl itaconic acid (p. 5*^7) and hydrot Jiluric aci(\ at 130®, 
and by oxidation of isobutyl succinic acid by means of KMn04. 

r ~] 

aap-Trimethyl Paraconic Acid, OCII 2.C{CH8;(CO all )-C(C} 13)200, m.p. 270®, 
is formed from sodium trimctliyl succinate and thiox^'^mcth^ltne, by the action 
of acetic anhydride. Ethyl ester, m.p. 34® ; chloride, m.p. ; amide, m.p. 242®. 
The anhvdride. m.p. 155°, is obtained, together with Trimeihyl Acetyl Itamalic 

1 1 

Anhydride, OOC.C(CH 3)3.C (CH3)(OCOCH3)CO, b.p.21 185-11)5®, from tri- 

metliyl itamalic acid salts by boiling them with acetic anliydiide (C. 1905, I. 
»i 74 )- 


HYDROXYGLUTARIC ACID GROUP 

a-Hydroxyglutaric Acid, > n^-P- 7 ‘^°» occurs in molasses. It 

is formc<l from a-bromoglutaric acid (C. 1902, II. 187) ; and by the action of 
nitrous acid on a-aminoglutaric acid. It also occurs in tin* u action products of 
nitric acid on casein (('. 1902, II. 285). It cry.stallizcs with difficulty (A. 208 , 
66; B. 16 , 1157)- It'^ lactone, m.p. 50®, into which i*- ri'adily passes when 
heated (A. 260 , 1129). is reduced to glutaric acid (p. 501) by hytlriodic acid. 

Glutamlnie Acid, a-Ammoglutaric Acid, m.p. 202* 

with decomposition, contains an asymmetric carbon atom (p. 29), and therefore 
can, like malic acid (p. 551), .appear in three modifications, Dextro- or ordinary 
glulaminic acid occurs in the .seeds of pumpkins and of vetches, as well as 
with aspartic acid in the molasses from beet-root, and is formed along with 
other compounds (p. 381) when proteins are boiled with dilute sulphuric acid. 
It consists of brilliant rhombohedra, soluble in hot water but insoluble in alcohol 
and ether. Diethyl t.'^ter, bp.^^ 140®, is prepared from the acid, alcohol, and 
hydrochloric acid (B. 34 , 453). 
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1 -Glutaminic Acid is obtained from the inactive variety by means of Penidttium 
ghucum (p. 57). 

Inactive [d-{-l]-GltUainintc Actd, m.p. 198^ results from ordinary glutaminic 
acid on heating it to 150-160® with barium hydroxide solution, and from a-iso- 
nitrosoglutaric acid (A. 260 , 119). By repeated crystallization it breaks down 
into d- and 1 -glutaminic acid (B. 27 , R. 269, 402 ; 29 , 1700). Resolution 
is also efiected by means of the strychnine salts of r-benzoyl glutaminic acid 
(B. 82 , 2466). [d-fl]-Pyroglutaminic Acid, m.p. 182-183®, is the y-lactam of 
the glutaminic acid, which results on heating ordinary glutaminic acid to 190®, 
and on continued heating breaks down into CO, and pyrrole (B. 15 , 1342) : 

COCH,CH,CH(CO,H)NH CH:CH.CH:CH.NH+CO,+H ,0 

Pyroglutamine Acid. Pyrrole. 

Glutamine a-Aminoglutaratnic Add, occurs together 

with asparagine in beet-root, in the seeds of pumpkins and other plants (B. 29 , 
1882, C. 1897, I. 105). Its optical rotation is not constant (B 39 , 2932). 

y-Carbovalerolactonlc Acid, a-M ethyl Glutolactonic Acid, V alerolactone 

r I 

y-Cavhoxylic Acid, O.C(CHg)(CO,II)CH,CH,CO, m.p. 68-70®, is deliquescent, 
and is produced (i) by oxidizing y-isocaprolactone (p. 371) or isocaproic acid 
with nitric acid (A. 208 , 62 ; B. fe, 3661) ; and (2) by the action of potassium 
cyanide and hydrochloric acid on l»vulinic acid. 

y-Carbovalerolactamic Acid Nitri le ; a-M ethyl Pyrrohdone a-Carboxylic Acid 

Nitrile, HNC(CH,)(CN).CH2 CH,.CO, m.p. 141®, is formed from laevulinic 
ester, hydrocyanic acid, and alcoholic ammonia (comp. B. 38 , 1215). 

I 1 

Isopropyl Glutoloctonic Acid, CO , 11 . 0 ( 0 , 1 1 7)CH,.CH8COO, m.p. 67®, is pre- 
pared from a-dimtthyl Incvulinic acid and hydiocyanic by means of 
hydrochloric and (A. 288 , 185). a-Hydroxy~yy-d%methyl~glutolactonic Acid, 

1 " i 

O.CH(CO,H) CH,C(CH,),CO, m.p. 85® (indefinite), results, together with 
dimethyl glutaconic acid, when alcoholic potassium hydroxide acts on a-bromo- 
dimethyl glutaiicacid (C. 1902, I. 810; comp also cyano-dimethyl-acetoacctic 
ester, p. 570). a-Hydroxy~Py-diwiethyl-glutolactomc Actd, trans-form, m.p. 142®, 
cis-form, liquid, b-p.^, 194°, is formed from j8-methyl Lrviilinic acid, hydro- 
cyanic and hydrochloric acids (^ 1900, II . 242). a-Hydroxy-ayy-trimethyl^ 

glutolactonic Acid, O.C(CH,)(C02H)CH,C(CH3),CO, m.p. 103®, is prepared from 
bromo-trimethyl-glutaric acid and aqueous potassium hydroxide, and from 
mesitonic, hydrocyanic and hydrochloric acids (A. 293 , 220). 


Mesltylic Acid, a-Amino-ayydrimethyUglviaric Acid Lactam, HNC(CH,)(CO,H)- 

CntC(CH,)8CO, m.p. 174®, is prepared by boiling the addition product of mesityl 
oxide aiid hydrochloric acid with potassium cyanide and alcohol (see Mesitonic 
Acid, p.*423). If mesityl oxide alone be heated with two molecules of potassium 
cyanide in alcohol, there is formed on acidification Trimethyl'a-hydroxy-glutaric 
Acid Dinitrile, NC.C(Cn3),CH,C(CH,)(OH)CN, m.p. i66®, which on being 
warmed with hydrochloric acid yields mesitylic acid (C. 1904, II. 1108). Oxida- 
tion with permanganate in acid solution yields unsym. -dimethyl succinimide 
( 13 . 14 , 1074). 

P~Hydroxydutaric Acid, CH (OH •][][, m.p. 95®, is obtained by the 

reduction of an aqueous solution of acetone dicar^xylic acid (B. 24 , 3250). It is 
decomposed on distillation into CO,, H ,0 and vinyl acetic aeid (p. 297) ; Sul- 
phuric acid and also boiling w ith aqueous alkali hydroxides (B 33 , 1452) produce 
glutaconic acid (p. 520). Acetyl chloride gives rise to Acetoxyglutaric Anhydride, 
CH,C 00 C 1 I(CH,C 0 ), 0 . m.p. 88®. Hydroxyglutaric Dimethyl Ester, b.p.^ 150®, 
yields acetoxyglutaric ester, which on distillation under ordinary pressures breaks 
down into glutaconic ester (B. 25 , 1076 : C. 1903, II. 1315). p-Hydroxyglutaric D^ 
amid$ is converted by sulphuric acid into glutaconimide. p-Chloroglutaric Acid is 
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obtained from glutaconic acid and hydrochloric acid. From it and from glutacomc 
acid afhmonia produces p-Aminoglutaric Acid, COaH.CHaCH(NH,)CH,COaH, 
m.p. 248® with decomposition. fi-Bromoglutanc Acid, m.p. 139® (C. 1899, II. 28). 

sym.- Alky I fi-Hydroxyglutaric Acids are also formed by condensation of 
formic ester with a-bromo-fatty esters by means of zinc (see formation of 
secondary alcohols, p. 106) ; a-bromopropionic ester yields ay^Dimethyl 
Hydroxy glutaric Acid; a-bromobuiyric acid gives ay-Dimcthyl p~Hydroxy~ 
ghitaric Acid ; a-bromoisobutyric ester produces aayy-Tctramethyl p-Hydroxy^ 
glutaric Acid (C. 1898. II. 415, 885 ; 1900, II. 529 ; 1902, II. 107). 

ojoL-Dimethyl P'Hydroxy glutaric Acid, m.p. 169°, and aay-Trimethyl P-Hydroxy- 
glutaric Acid, cts-form, m.p. 115® ; trans-form, m.p. 155®, arc obtained from the 
corresponding di- and tiimcthyl acetone dicarboxylic esters (p. 5h9) (C. 1903, 1. 
70 ; 1904, I. 720). aaP-rrtmethyl p-Hydroxyglutaric lister is prepared from 
a-dimethyl acetoacetic ester, bromacetic ester, and zinc (C'. 1903, II. 1315). 
The acetylated esters of these acids 3deld alkyl glutaconic acids when distilled. 

CH(C02H)CHa(:HaC0 

h-Caprolactone y-Carhoxylic Acid, I | , m.p. 197*, is formed 

CHsCH O 

when a-acetoglutaric acid (p. 570) is reduced (B. 29 , 2368). On dry di.stillation 
it yields y8-hexi*nic acid (p. 299) and a-cthylidenc glutaric acid (p. 522). 

y-Valerolactone fi-Acetic Acid, CHCH^CO H’ 

lactone p-AitUo Acid, m.p. 88®, are obtained by reduction of the jS-acyl glutaric 
acids (p. 570), or their diiactones (A. 314 , 13). 

HIGHER HYDROXY-DICARBOXYLIC ACIDS 
aa-Hydroxyadipic Acid (B. 28 , R. 466). a-Hydroxysihacic Acid (B. 27 , 
1217). 

a-Hydroxy-a-methyl-adtpic Acid, C0aH.C(CIIa).(0H)[CH2]jC08H, m.p. 92®, 
is prepared fiom y-acetobutyric acid, potassium cyanide, and hydrochloric acid. 
On drv distillation it gives a mixture of yS- and Sc-hexenic acids, which are 
characterized by their ability to be converted into a- and 8-caprolacton6 (A. 318 , 

371)- 

B-Methyl P-Hydroxyadipic Acid, COOH.CH8C(CH,)(OIl)CIl8CH8COOH, and 
(uxy-Trimethyl P 'Hydroxy adipic Acid, COaH.C(CH8)aC(CHs)(OH)CHjCHjCOOH ; 
their lactone esters are formed by condensation of bromacetic ester and a-brom- 
isobutyric ester with laeviiliriic acid by means of zinc. The latter lactone ester is 
easily decomposed by alkalis into isobutyric acid and lacvulinic acid (C. 1900, I. 
1014 ; B. 86, 953 )* ^ . 

a-Amifio-adipic Acid, COOH.CH(NH8)CH2CHjCH2C02H, m.p. 206 with 
decomposition, is formed from a-oximido-adipic acid (p. 570) by reduction 
with tin and hydrochloric acid ; also, by hydrolysis and decomposition of 
cyanopropyl phtlialimidomalonic ester, C8H4(CO)aNC(C02R)2CHjCH2CH2CN, 
the product of reaction of soilium phthalimidomalonic ester and chlorobutyro- 
nitrile. It is sparingly soluble in water. When heated, it yields water and 

a lactam, a-Piperidone a^-CarhoxylicA cid, NHCH(C02H)CH2CH2Cn2C0, m.p. 178®, 
a’-Amivn-p-metkyl-adipic Acid is prepared from a-oxiraido-j8-mcthyl-adif>ic acid. 
In the free state it immediately changes into its lactam, m.p. 144® (B. 38 , 1654 I 
C. 1903, II. 33). a-Aminopimelic Ac%d,'HHfiH(COOH.)\CH^^QOOirl, m.p. 225® 
with decomposition, is obtained from a-oximidopimelic acid. 

B. AND C." HYDROXY-OLEFINE CARBOXYLIC ACIDS AND HYDROXY- 
OLEFINE DICARBOXYLIC ACIDS 

The following is derived from the true olefine-hydroxy-dicarboxylic acids : 

Monolactonic Acid, OCOCHiCH.CHCHjCOOH (?), m.p. 122-125®, isobtamed 
from hydromuconic dibromide and silver oxide. 

The ad- or ^wo/-forms of the p-aldo- and P-keto-dicarboxylic acids can also be iii- 
cludcd ; soe formyl and acetyl malonic acids (pp. 561, 564), formyl and acetyl succinic 
acids (pp. 56T, 568), a-acetyl glutaric acid (p. 570), oxalacetic acid (p. 564), acetone^ 
dicarboxylic acid (p. 568), a^formyl and a-acetyl glutaconic acid (pp. 561, 571)# etc. 
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l6. ALDODICARBOXYLIC ACIDS 



A* fi'Aldodloarbozylle Acids. The simplest member, (x) Formyl Malonic 
Add, OCH.CH(COsH) 2» is unknown in the free state. From its corresponding 
ad- or snoLform (see p. 560) are derived the following : — 

Hydroxymethylene Malonic Ester, HOCH:C(CO,CtH5),, b.p. 218®, exists in 
the form of its ethyl ether, Ethoxymethylene Malonic Ester, C,HfiO.CH:C(CO*CjH«) 
b.p. 280®. which is prepared from malonic ester and ortholormic ester by boiling 
with acetic anhydride and zinc chloride. The ethyl ether is ** hydrolysed 
by alcoholic potassium hydroxide into the potassium salt of hydroxymethylene 
malonic ester. It can also easily unite with more malonic ester to form a 
dicarboxyglutaconic ester (RO,C)jCH — CH=C(CO,R)a. This substance is 
decomposed by many reactions into derivatives of hydroxymethylene malonic 
ester ; ammonia produces Aminomethylene Malonic Ester, H,N.CH:C(CO,C,H,)„ 
m.p. 67®, which can be formed directly from ammonia and ethoxymethylene 
malonic ester ; hydiazine, hydroxylamine. and amidmes give rise to cyclic deriva- 
tives of hydroxymethylene malonic or formyl malonic acids (B. 26. 2731 ; 27, 
1658 ; 30, 821, 1083 ; J. Ch. S. 59, 746). Copper salt, m.p. 138®. 

(2) Formyl Sncdnic^Acid, 0CH.CH(C0,H)CH2C02H is unknown in the free 
state. Derivatives are : Hydroxymethylme Succinic Ester, z.ci-Formyl Succinic 
Ester, HOCH:C(COaCaH5)CIIaC02CjHj. b.p.,, 125®, is obtained from succinic 
ester, formic ester, and sodium ethoxide. With ferric chloride it produces a 
violet coloration. Reduction produces itamalic ester (p. 557), al kalis decompose 
it into succinic and formic acids (B. 26, R. 91 ; 27, 3186. Action of Hydrazine, 
sec B. 26, 2061). 

Aconic Acid: vud-Formyl Succinic Acid Lactone, (1)CH:C{C0,H)CH,<!». 
m.p. 164®, is formed when itadibromop5n:otartaric acid is boiled with water; 
methyl ester, m.p. 85®. The acid yields formic and succinic acids when boiled 
with barium hydroxide ; reduction produces paraconic acid (p. 557) ; phenyl- 
hydiazinc g’ves the phenylhydrazone ot jS -formyl propionic hydrazide (p. 406) 
as well as CO, ; whilst witl^ acoiiic methyl ester it forms the phenylhydroMone, 
of formyl succinic monoester phenylhydraxide, m.p. 167® (A. Spl. I. 347 ; 820, 
373; B. 81, 2722). 

Formyl Pyrotartanc Ester (B. 37, 1610). 

(3) orFormyl Glutaconic Acid, OCH.CH(CO,H)CH:CHCO,H, is also a hypo- 
thetical acid, of which the iollowing are derivatives: — 

Cou malic Acid, a-Py rone-ycarboxylic Acid, a-dJci-Formyl Glutaconic Add 

Lactone, 0CI1;C(C02H)CH:CII.C0, m.p. 206® with decomposition, is formed from 
malic acid by heating it with concentrated sulphuric acid or with zinc chloride, 
with probably an intermediate formation of hydroxymethylene acetic 
acid, HOCH:CHCO,H (p. 401), which, with the concentrated sulphuric acid, 
gives coumalic acid. This substance yields yellow salts with excess of alkali, 
like ch^idonic and mcconic acids (q.v.). Boiling with barium hydroxide solution 
decomposes it into formic and glutaconic acids ; boiling with dilute sulphuric 
acid gives two molecules of CO, and crotonaldehyde. Ammonia products the 

2.c i-formy l glutaconic add lactam, fi-hydroxynicotinic acid, HN.CH.-CCCOgH):- 


CHiCHCO. Hydrazine causes decomposition of the production of the lactazam 
of hydroxymethylene acetic acid, pyrazolone (p. 406) (A. 264, 269 ; B. 27, 791). 
Methyl alcohol and hydrochloiic acid cause fracture of the lactone ring and forma- ^ 
tion of ® b 


MethoxymdhyleneGlutaconic Ester, CH,COCH:C(CO,CHa)CH:CHCO,CH„ m.p. 
62® (A. 278, 164). 


B. y-Aldodicarboxyllo Acids. 

Acetal Malonic Ester, (C,H50),CHCHa{CO,C,H5)„ b.p.,, 152®, and acO^ 
methyl^ malonic eder are prepared from sodium malonic ester and sodium methyl*' 
malonic ester with bromacetal. The free acids lose water and form j9-foimyl 
fatty acids (p. 402). 
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17. KETONE-DICARBOXYLIC ACIDS 

Dibasic carboxylic acids, containing a ketone group in addition to 
the carboxyl groups, are mostly synthesized as follows : — 

1. By the introduction of acid radicals into malonic esters. 

2. By introducing the residues of acid esters into acetoacetic ester. 

3. By the condensation of oxalic esters with fatty acid esters. 

4. By condensation of carboxylic anhydrides with tricarballylic 
acids. 

5. From sec.-hydroxydicarboxylic acids or ter t. -hydroxy tricar- 
boxylic acids by oxidation or decomposition. 

These methods of formation will be more fully considered under the 
individual groups of the monoketone carboxylic acids. The position 
ol the two carboxyl groups is again the basis for their classification, 
whereby the ketomalonic acid group, the ketosuccinic acid group, the 
ketoglutaric acid group, etc., are differentiated. 


KETOMALONIC ACID GROUP 


(i) Mesoxalic Acid, Dihydroxymalonic Acid, [Propanediol diacid]. 


no. .co,H 


m.p. 115®. hke ordinary oxalic acid, glyoxylic acid, and other sub- 
stances possessing adjacent CO groups, firmly holds a molecule of 
water, which is assumed to be present, not as water of ciystallization, but 
to be combined with the CO-groups : 


(HO),G-C(OH), (HO)3Cn— COaH (110)^0 = (COaH), 

Or^ho-oxalic Acid. Orthoglyoxylic Acid. Oitboincsoxalic Acid. 

Furthermore, esters of mesoxalic acid exist, deiived from both 
forms, and are known as 0x0- and dihydroxymalonic acid esters. 
Mesoxalic acid is prepared (1) from alloxan (p. 578) or mesoxalyl 
urea, an oxidation product of urea when boiled with barium hydroxide 
solution ; (2) from dibromomalonic acid, by boiling barium hydroxide 
solution, silver oxide, or aqueous sodium hydroxide (method of for- 
mation : B. 35 , 1819) : (3) from aminomalonic acid by oxidation 
with iodine in KI solution ; (4) from glycerol, by oxidation with 
nitric acid, sodium nitrate, and bismuth subnitrate (I^. 27 , R. 666). 

Mesoxalic acid crystallizes in deliquescent pi isms. At higher 
temperatures it decomposes into CO2 and glyox3'lic acid, CHO.CO2H 
(p. 400). It breaks up into CO and oxalic acid on the evaporation 
of its aqueous solution. 

Mesoxalic acid behaves like a ketonic acid, inasmuch as it unites 
vrith primary alkali sulphites ; and when acted on by sodium 
amalgam in aqueous solution, it is changed to tartronic acid 
(p. 549). It combines with hydroxylamine and phenylhydrazine. 


Sedts. — Calcium mesoxalate, C(OH),(COj)*Ca, and barium mesoxalale, are 
crystalline powders, not very soluble in water; ammonium salt, C(OH)a.(CO,.- 
crystallises in needles ; silver salt, C(OH)|.(CO,Ag),. w^en boiled with 
c 
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water yields mesoxalic acid, silver oxalate, silver, and CO^ ; bismuth saU, B. 27 , 
R. 667. • 


Esters. — ^Two series of esters may be derived from mesoxalic acid 
— ^the anhydrous or ketomalonic esters, C0(C02R')2, and the di- 
hydroxymalonic esters, C(0H)2(C02R')2- The kcto- or oxo-malonic esters 
absorb water with avidity, and thereby change into their corresponding 
dihydroxymalonic esters. The two compounds bear the same relation 
to each other that chloral bears to chloral hydrate : 

HjjO 

CCla.CHO Chloral ^ CCl3.CH(OH), Chloral Hydrate 

HjO 

CO(CO 203115)2 Ketomalonic Ester — - — C(0H)2(C02C2H6)2 Dihydroxymalonic Ester. 

During preparation a mixture of both forms is obtained if water is not excluded. 
Nevertheless, the hydrates easily pass into the anhydrous compounds when 
heated under reduced pressure. 

Mesoxalic ester is produced (i) from mesoxalic acid, by the usual methods ; 

(2) from isonitrosomalonic ester (below) ; or from malonic ester direct by the 
action of nitrous gases (C. 1903, II. 658 ; 1905, IT. 120 ; 1906, II. 320) : 

N, 0 , NjO, 

2 (R 02 C) 2 CH 2 > 2 (R 02 C) 2 C : NOH -> 2 (R 02 C) 2 C : 0 + 2 Na 04 -H 20 

(3) From bromotartronic ester acetate or bromonitromalonic ester by the action 
of heat (B. 25 , 3614 : 37 , 1775) : 

— CIbCOBr — NOBr 

(RO,C)aC(OCOCH3)Br RO2C.CO BrN0aC(C02R)j 


(4) fiom diliydroxysuccinic ester when heated, some oxalic ester being also formed 
(B. 27,13051: 

RO3C.CO -CO ROgC -CO ROaC 


Ketomalomc Ethyl E&tet. C0(r02C2H5)3, bp.T4 101°, 1)13=1*1358, possesses 
a bright greenish-yellow colour. It is a mobile litiuid, with a faint but not dis- 
agreeable ofloui. Dihydyoxyniiilonic MelJiyl Ei^tev, (110)aC(C02('H3)a, m.p. 81®. 
Dihydroxymalojnc Ethyl Fi/n, C(OIl)2(COaC2H5), m.p. 57®, dissolves easily in 
watei, alcohol, and ether. Dirthoxy maloti ic Eshr, (C2ll60)2C(COaC2ll6), m.p. 
43®, b.p. 225° (C. 1807, II. 569). Dku doxy malonic Estrr, (CHaCO.O)2C(COaC2H5)2. 
m.p. 145®. Dihal to cl -malonic Acids, H2C(COaII)a (p* 


Nitrogen Derivatives of Mesoxalie Acid. 

Nitrobromomalonic Acid, BrN02C(C02R)2 1 methyl ester, b.p.^g 133®, and 
ethyl ester, b.p.i, 137®, are formed from nitromalonic ester (p. 549) and bromine. 
As in other per-substituted nitromethanes (p. 155) the halogen is easily replace- 
able. Recomposition into ketomalonic ester (see above) ( 13 . 37 , 1775). 

Diaminomalonamide, (NHa)aC(CONH2)2. is prepared from dibromoma Ionic 
ester and ammonia. It consists of white crystals, and vrhen heated, easily changes 
into imidomalon amide, NH : C(CONIl2)a* Tetrameihyl Dtaminomalonic Ester, 
[(CH,)2N]2C(C00CH3)2, m.p. 84®, is also obtained from dibromomalonic ester 
and NH(CH3)2. Diantlinotnalomc Ester, (C3H5NH)2C(C00CH3)2, m.p. 125®, 
results from the action of anilin^ on dibromomalonic ester (B. 35 , 1^74 : 1813). 

Oximtdomesoxalic Acid, Isonitrosomalonic Acid, HON — C' (CO all) a, m.p. 126®, 
with decomposition into HNC, CO 2, and HjO. It is formed when hvdroxylamine 
acts on mesoxalic acid ; also from violurxc acid (described in? connection with 
alloxan — isonitroso-malonyl-urea (B. 16 , 608, 1021) ; also Irom isonitrosomalonic 
ester, HON : C(COaR)2 ; methyl ester, m.p. 67®, b.p.,, 168®, ethyl ester, b.p.,, 172®, 
which are prepared from the malonic ester, sodium alcoholate, and alkyl nitrites. 
They form yellow alkali salts. Amides and alkyl amides of isonitrosomalonic 
acid (C. I 903 » I- 44 i» 448)* 

Oximidomesoxalic Nitrile Ester, Isonitrosocyanacetic Ester, IION:C(CN).- 
CO|C|H|, m.p. 128®, is formed from sodium cyanacetic ester and amyl nitHte. 
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It is a stronger acid than acetic acid (B. 24, R. 595 ; C. 1902, II. 1412). The free 
isonttrosocyanacetic acid, m.p. 129** with decomposition, has been obtained in 
different ways : (i) from dihydroxy tartaric acid (g.v,) and hydroxylamine, some 
dioximidosuccinic acid being formed at the same time ; (2) from furazan dicar- 
boxy lie acid, thb anhydride of dioximidosuccinic acid (3) from furazan mono- 
carboxylic acid (p. 545) (B. 24, 1988 ; 28, 72) : 


HON:C.CO,H 


^N:C.CO,H 


HON:C COtH 


NiC.COjH 


/N:C.CO,H 

K > 

^N:CH 


HON:C.CO,H 


(4) by the action of NjO, on isoxazoloiiJ' hydroxamic acid, prepared from oxal- 
acctic ester and 2 molecules of MUaOH (see p. 567) (B. 28, 761). Further 
derivatives of isonitroboma Ionic acid are : isonitvosocyanacetamide, desoxyfulmi- 
nufic acid, HON : C(CN)CONHa (p. 251): Isonitrosocyanacetohydroxamic acid, 

HON:CCCN)C<^qjj. is prepared from formyl chi oridoxime and Nil, (pp. 243, 

I N 

249). Oxyfuragan Carboxylic Acid, || ,isformcdfromhydroxy- 

ON:C(COaH).COH 

furazanacetic acid (sec Oxalacctic Esttr, p. 500). 

Phenylhydruzonomesoxalic hstcr, ('elJ5NHN:C(COaR)8, dimethyl ester, m.p. 
62® ; diethyl ci>tcr, an oil, is prepared (i ) from mesoxalic ester and phenylhydrazine : 
(2) from sodium malonic ester and benzene diazonium salts (13. 24, 806, 124Z ; 
26,3I«3: 28,858; 37,4169). 

Hydrolysis causes the formation first of the monomethyl ester, m.p. 125®, and 
monoethyl ester, m.p. 115°, and then of PhenylhydvazonomesoxaXic Add, 
C,H,NilN : C(C03H), m.p. 163® with decomposition, which can also be obtained 
from mesoxalic acid and phenylhydrazine. Phenylhydrazonomesoxalic Ester 
Nitrile, Benzene Azocyanacetic Ester, CeHjNHN : C(CN)COaC2H5, or C^H^N : 
NCH(CN)C02C3H5, m.p. 125®, is formed from sodium cyanacetic ester and 
benzene diazonium chloride (13. 27, R. 393 ; 28, R. 997 • ^90^. II- 625) ; and 

also from potassium malonitrile and benzene diazonium salts. Phenylhydrazono- 
mesoxaJic Dinitrile, CgHgNilN : C(CN), (B. 29, 1174). Phenylhydrazonomesoxalic 
Diamtde, m.p. 232® (B. 37, 4173)- 

Hydrazonomesoxalic Diamide, NH2N:C(CONH3)3, m.p. 175®, is formed from 
dibromomalonic diamide and hydrazine (B, 28, R. 1052). 

Oxazomalomc Acid is formed by the action of nitric oxide and .sodium ethoxidc 
on malonic ester. The product of reaction is unstable and ioims a sodium salt, 
N3O : C(C03Na)3-{-2ll20. with aqutons .sodium hydroxide. This and other salts 
readily explode, especially when dry (B. 28, 1795). 

(2) Acetyl Malonic Acid, CH3CO.(‘.H(CO,H)a ; ethyl ester, b.p.j^ 150®, results 
when sodium or, better, copper acetoacctic ester is acted on by chlorocarbonic 
ester (p. 419) (B. 21, 3567 ; 22, 2617). On hydrolysis it decomposes into COf, 
acetone, and acetic acul . Acetomalonic Monoester A nilide, CHjCO.CH (CONHC3H5)- 
COjCallg, m.p. 58, is lormrd by the union of acetoacctic osier and phenyl cyanate. 
It is decomposed by alkalis in the cold into acetic acid and malonic acid anilide 
(B. 83, 2002). 

Acetyl Cyanacetu Ester, Cyanacetoacetic Ester, CHaCO.CH(CN).COaC3H5. 
m.p. 56®, b.p.|g.3o 1 19®, is prepared (i) from the sodium or pyridine salt of cyan- 
acetic ester and acetyl chloride ; if acetic anhydride be employed, cyanacetyl 
acetone is also formed ; (2) from dicyanacetoacctic ester (p. 417) by separating 
hydrocy an ic acid by alkal is . When the salts of cy anacct oacetic ester are alkylated 
and acylatcd 0 ~derivatives of the enolfrom result: CH3C(OCH3) : C(CN)C03CH3, 
m.p. 97®; CH8C(0( OCH3):C(CN)COaCHa and ammonia yield CH3C(NHa):- 
(^(CNlCOaCHa, m.]>. 181° (C. 1904, 1. 1135 ; B. 37, 33‘'^^)- Propionyl Cyanacetic 
Ester, b.p.M 155-1^5® (13. 21, R. 187, 354 ; 22, R. 407 ; C. 1899, 1. 185). 


KETOSUCCINIC ACID GROUP 

X, Ozftlacetio Acid, Ketosuccinic Acid [Butanone di-acid], C4H4O5, 
is relatively stable in the free state, and is simultaneously an a- and 
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i 9 -keto-acid. In this connection, the debmotropic enol formulae of , 
hydroxymakic and hydro^yfumanc acids should be compared : 


CHg—COOH 

CO~COOH 

KetosuLcimc 

Acid 


CH COOH 

II 

C(OH)— COOH 

Hydroxymakic 

Acid 


HOCO— CH 

HO G-COOH 

Hydroxyfumaric Acid 


Oxaldcctic acid is prepared (i) from synthetic oxalacetic esters 
(P 566) by hydrolysis with concentrated hydrochloric acid in the cold 
(C 1904 , 1 85) , (2) from malic acid (hydroxysuccinic acid) and per- 
manganate or H2O2 and ferrous salts at a low temperatuie (C 1900, 
I 328 , 1901 , 1 168) , (3) from teraconic acid (isopropyhdene succinic 
acid (p 518) by cleavage of the chain with permanganate , (4) from 
diacctyl tartaric anhydride (qv) or acetoxymaleic anhydnde (see 
below), pyridme and arctic acid, theie is formed the pyridine salt oi 
hydroxymah 1C anhydride which with dilute acids yields oxalacetic 
acid or hydioxymaVic acid respectively (B 40 , 2282) 


CHaCOO CHCOv 
CHjCOO CHCCr ^ 




CHjCOO ( COv C-HgN 

II >0 

HCCO'^ 

C-HaNO C COv 

I II >0 — 

H CH— CCK 


> 


HOC 

> II 
TIC CO 



When the pyridine salt of hydioxymaleic anhydnde is treated 
with 12^/^ bulphuiic icid t\\^ HydroxymaletcAcid^m-p 152°, is formed, 
which IS convcited by 30 acid into Hydroxyfumaric Acid, m p 184®, 
from the salts of which dilute acids regenerate hydroxymaleic acid , 
probably ketosuccinic acid is formed as an intei mediate product. 
Hydioxyfumanc and hydrox3analeic acids show equally strong 
colorations with feme chloride and decolorations with permanganate 
(reactions of the enol group) The heat of combustion of hydroxy- 
male ic (280 58 cals ) is 10 8 cals more than that of hydroxyfumaric 
acid (see Fumaric or Maleic Acids, pp 60, 512) 


Hydroxymaleic Anhydride ^jn-Oxcdacetic Anhydride HO CaH(C0)20, m p 85* 
with transform ition, is picpaicd from the pyridine salt mp 108® (see above), 
by the action of HCl in ether It is very hygroscopic Acetyl chloride produces 
itom^ it Acetoxymaleic Anhydnde C IIjCOO C,H(C02)0 mp 90®, which is also 
formed when oxalacetic acid and acetylene dicarboxylic acid are acted on by 
acetic anhydride at 100® (B 28, 2511) 

*he hydroxymaleic anhydride, when treated with aniline at 20® am 
acidifi( d with 5N hydrotlilonc acid, is changed into Hydroxymaleinanilic Acid 
CeH5NHCOC(OII) CHCOOll m p 113® with decomposition, which is converted 
by I oN sulphuric acid into ^cid mp 140® with decomposi- 
tion The ethyl ester of Oxalacetanihc Acid CgH5NHCOCH2CO COjCjHj, the 
third position isomer, is obtained from oxalic ester, acetanilide, and sodium 
ethoxide ihe anil acids are converted by acetyl chloiide injo hydroxymaldnamt 
(and further mto 4 cetoxymaleitianil, CHsCOO CjH^COljNCgHg, m p 126®), which 
easily loses water and forms the dimokcular Xanthoxalaml , anilme producett** 
Anihnomaleinanil, C.H,NH CjH(CO)NCgH2, mp 233® (see above) (B 
2282) 

Hydrox3rfuinaranihc acid and hydroxymaldtnanilic acid which are fairly 
stable alone, are decomposed even at o® by anilme into COg and pyrdiditcemiG 
amlide (p. 409). 
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4 Ozalacetic Ethyl Ester, C2H5OOC.COCH2COOC2H5 or C2H5OOC.- 
C((3H):CH.C00C2H6, b.p.24 132°, and the methyl ester, m.p. 770®, 
Libile form, m.p. 87°, b.p.39 137® (A. 277, 375 ; B. 39, 256), are formed 
from oxalic and acetic esters (p. 412) by means of sodium alcoliolate 
(TF. Wislieenus) ; also Irom acetylene dicarboxylic esters (p. 523) by 
the addition of water by warming with sulphuric acid ; and from the 
silver salt of oxalacetic acid and u »do-alkyls. When boiled with alkalis, 
the ethyl ester und<Tgoes acid cleavage " into oxalic acid, acetic 
acid, and alcohol ; when boiled walh dilute sulphiuic acid “ ketone 
cleavage occurs into CO2 and pyroracemic acid, CH3.CO.CO2H (p. 407). 
When heated iindi r ordinary pressure it suffers “ carbon monoxide 
cleavage into CO and malonic ester, with pyroracemic ester as a by- 
product (B. 28, 81 1) : 

COjC H- CO ’CHaCOaCjHj Acid cleavage 
CC'^oCjH- C0.Cil2iC02C2H. Ketone cleavage 
C02C2ll5.‘C0: CHjCOjCgHj Carbon monoxide cleavage 

Reduction converts oxalacetic ester into the ester of i-malic acid 
(B. 24, ^4Jb). 

Ferric chloride colours a solution of the ester a deep red. Copper 
acetate pree pitates theeth5d ester as a green copper halt (CgHj 105)2- 
CU+H2O, m.p. 155°, anhydrous, m.p. 163®. If this salt is boiled with 
methyl alcohol, it is converted into the copper salt ol Oxalacetic Methyl 
Ethyl Ester, COOrH3.COCH.2(.OOC2H6, b.p.g no® (A. 321, 372).- 

Ammonia bcconns added on to oxalacetic ester, forming what is 
probabl}^ the ammonium salt of the aci-oxalacctic ester (hydroxy- 
fumaric or hydroxymaleic ester), C2H500C.C(0Nir4):CH.C00C2H5, 
m.p. 83°. It becomes graduallv changed into oxalocitiic lactone ester, 
which is also formed from oxalacetic ester and a tertiary amine (comp. 
B. 39, 207). 

Aminofiimaric Ester, C2H50C0.C(NH2):CH.C02C2H5, b.p.20 142®, 
is formed whtm the above ammonium salt is rapidly distilled ; also, 
from chlorofumaric and chloromaleic ester and ammonia. Copper 
acetate slowly regenerates the copper oxalacetate ester (A. 295, 344). 
Aminofnmaramidc Ester, m.p. 139®, and Aminomaleic Amide Ester, 
m.p. 119® (C. 1897. I. 3^4)- 

Similarly to acetic ester, oxalic ester also condenses with a\:eto- 
nitrik (B. 25, R. 175), and with acetanilide (see above) (B. 24, 
1245)- 

\yn^ym,-Diethoxysutiuiu E.ter, COaC2H5.C(OCjH6)2CH aCOgCallj, is formed 
together with ethoxyfuma.ric ester (below) both from ordinary dibromosuccinic 
ester and acetone dicarboxylic ester by the action of sodium cthoxide. The 
resulting diethoxysuccimu odd, when allowed to stand under greatly reduced 
pressure or when hegted to 100°, loses ether and becomes converted into oxalacetic 
acid (B. 29 , 1792). 

Ethoxyjumaric Ester, C^a^l600C.C(0C2H5) : CH.COOC,Hg, b.p.n 130®, is 
prepared from silver oxalacetic ester and iodocthane, and from dibromosuccinic 
ester, with simultaneous formation of diethoxysuccinic ester (see above), by taking 
up alcohol. The free Ethoxy fumaric Acid, m.p. 133®, is obtained from the ester 
by the action of cold dilute alkali. Acetic anhydride converts it into the fluid 
eihoxymaleic anhydride, which takes up water and fox ms Ethoxymaleic Acid, m.p. 
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Z26*. Both acids are hydrolyzed by hydrochloric acid into oxalacetic acid (B. 289 
2512 ; 29, 17gf2). 

Methyl Oxalacetic Ester, Oxalopropionic Ester, COj|C,H5.COXH{CH,X*CO,- 
C aH,, is formed fr om oxalic ester and propionic ester. Methyl OxalacetanU, 

CO.CO.CH(CH,)CONCeHa, m.p. 19a*, is pr epared from ox alic este r and pro- 

pionanilide; also from anilinocitraconanil CO.C(NHCaHa):C(CH,)CONCgHg, the 
product of action of chloro- or bromo-citraconanil (p. 516), aniline and sulphuric 
acid (B. 24, 1256 ; 35, 1O26). 

Ethyloxalacetic Ester, Oxalobutyric Ester, COaCaHa.CO.CH(CaH|)CO|C2Hg 
(B. 20, 3394). Dimethyl Oxalacetic Ester, Oxahsohutyric Ester, CO CO- 
(^(CHjlaCbjCaHj, b.p.,i 117°, is obtained from oxalic ester, bromisobutyric ester, 
and magnesium (B. 41, 9^4). Methyl Ethyl Oxalacetic Ester, b.p.j* 134® (C. 1905, 
1. 1590). 

Nitrogen Derivatives of Oxalacetle Acid (B. 24, 1198). For the salt-like 
addition products of oxalacetic anhydride and oxalacetic ester with pyridine and 
ammonia, and their reaction products, sec pp. 564, 565. 

Oximes and Phenylhydrazones. a-Oximtdosuccinic Acid, m.p. 143® with de- 
composition, is formo(>from oxalacetic acid and hydroxylamine. Acetic anhydride 
converts it into the ^-aetd, m.p. 120® with decomposition (C. 1901, I. 353). 
p‘Oxirmdosuccinic Monoethvl Ester, m.p. 54®, is prepared from the oxime of 
oxalacetic ester and water ; and a-Oximidosuccintc Ethyl Ester, m.p. 107®, is 
obtained from di-isonitroso-succinyl-succinic ester and water. When heated they 
both yield CO, and a-oximidopropionic ester, CH,C : N(OH)CO,C,H5. Both 
monoesters are given the formula CO,II.CH,C : N(0H)C02C,Hj, and are assumed 
to be stereoisomers (B. 24, 1204). Oximidosuccinic ester, CO {OH).- 
CHjCOjCjH,, is a colourless oil (B. 21, R. 351). Comp. Aspartic Acid and 
Asparagine (pp. 553, 551). 

Hydrox^'lamine and ammonia act on oxalacetic ester producing the ammonium 
salt of isorazolone hydroxamic acid, which is converted by alkalis into hydroxy- 
furazan acetic acid. 


o.N:C.rn,.co 

HON:C(OH) 


.NiCCHaCOOH 
< I 
\N:C(OH) 


which is oxidized by peimcinganate into hydroxyfurazan carboxylic acid (B. 88, 
761). 

Phenylhydra^inc reacts with oxalacetic acid to form a phenylhy dr ozone, 
C00H.C(NNH.C,H5)CH2 COOH, m.p. 95®, with decomposition into CO, and 
pyroracemic acid phcnylhydrazonc. It undergoes the same decomposition when 
boiled with \^atLr, but when heated with acids, it forms phenylpyrazolone' car- 
boxylic acid or laUazam (p. |o6) (C. 1902, II. 189) : 

COOrf.C.CH, H,0 COOII.C.CHa.COOH h,SO, COOH.r.rH,.CO 

•II II V II I 

NNHCeH, NNHC.H, N N.C,H, 

Phenylhydrazine becomes added to oxalacetic ester like ammonia (p. 5^6); 
the addition product, m.p. 105°, is either a phenylhydrazine salt of hydroxyfumaric 
ester or is analogous to an aldehyde-ammonia compound. It readily changes 
into Oxalacetic Ester Phenylhy dr ozone, m.p. 97®, which is also formed from acetylene 
dicarboxylic ester and phenylhydrazine. The reaction products of hydrazine 
and phenylhydrazine on oxalacetic acid also readily form 1 ctazams or pyrazolone 
derivatives by loss of alcohol (see above) (A. 246, 320 ; B. 25, 3442 ; 26, 1721 ). 

Diazosuccinic Ester is formed when aspartic ester hydrochloride reacts with 
sodium nitrite. It is yellow in colour, aud is easily decomposed. When boiled 
with water it forms fumaric ester ; reduction re-produces aspartic ester. Diazo- 
succinamide Methyl Ester, CH,0,C CN,.CH,CONH„ m.p. 81®, is formed, togeth^ 
with fumaramide, from diazosuccinic methyl ester and ammonia (B. 19 , 246^$ 
89 , 7^3 ; 87, 1264). 

Urea unite%)V(rith oxalacetic ester to form Uracil Carboxylic Ester (1), in.p, 189 , 
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AIM MftoxcUaeettc Ester Carbamute (2), m.p. 104* ;ku 
Ester Guanidine (3), m.p. 147* with decompositimi 
RO,C.C:CH.CO CH,CO,R 

(I) ' / I (2) I 

NH.CONH CO{N:C.CO,R), 


anidine produces Dioneiaeelic 
(C. 1898, 1 . 445): 

CH,CO,R 

HN:C(N:LcO,R), 


2. Aoetosuccinie Esters and Alkyl Acetosuccinio Esters are pro- 
duced when sodium acetoacctic esters and their monoalkyl deriva- 
tives are acted on by esters of the a-monohalogen fatty acids. 
Acetosuccinic Ester. CH,CO.CHCOjC,H,j 

I , b.p.i4 141®, is prepared from 

GHj-COaCaH, 

sodium acetoacetic cbter and brom- or chloracetic ester. The hydrogen atom of 
the CH- group, in the esters, can be replaced by alkyls, e.g., by methyl : 

a~Methyl Acetosuccimc Ester, CH3COC(CHj)(COaC8lIj).CHaCOaC,Hg, b.p. 
263°, is formed from methyl acetoacetic ester and chloracetic ester. 

fi-Methyl Acetosuccinic Ester, CHaCO.CH(COaCaH5).CH(CH8)COaCaH5, b.p. 
263®, from acetoacetic ester and a-bromopropionic ester. 

When heated alone the acetosuccinic acids act as in the aci- or enol- form, 
lose alcohol and form oh fine lactone carboxylic acids (C. lSqK, I. 24). Ammonia 
and the primary amines produce aminoethylidene succinic ester, which readily 
changes into olefine-lactamic ester : 

CH3CO.CH.CO.R CHaC ---=C.COaR CHaC - — -C.COaR 

> I I ^ I I 

CHaCOaR NH* CHaCOaR NH.CO.CHa 

Ammonia produces a- A minoethylidine Succinic Ester, m.p. 72°, and A minoethylidme 
Succinimide, which is converted by hydrochloric acid into Acetosuccinimide, 
m.p. 84-87® (A. 260, 137 ; B. 20, 3058 ; C. 1897, 1. 283) : 


CHaC - --- C — CO. 

I I > 

NHa CHj.CO^ 


CH3CO.Cn CO.^ 
CH.— CO^ 


Acid cleavage changes acetosuccinic acids into acetic and succinic or cUkyl 
succinic acids (pp. 492, 49^). Ketone cleavage causes the formation of COaand 
y-keto-acids (p. 421). Nitrous acid causes acetosuccinic ester to lose alcohol and 
COa> and to change into xsonitrosolcevulinic acid (p. 547) (comp. Isonitrosoacetone, 
P- 351). 

COaCaH. HNO, 

I - ■ - > CO,H.CHa.C : (NOH).CO.CHa. 

COaCaHa.CHa.CH.COCHa 


KETOGLUTARIC ACID GROUP 

1. u-Ketoglutarle Acid, COOH.CHaCHa-CO.COOH, m.p. 113®, is obtained 
from oxalosuccinic ester by ketone cleavage (C. 1908, II. ^^b). CyanoximidobutyHc 
Acid, COaH.CIl2.CHa.C=(NOH)CN, m.p. 87°, is a derivative of a-ketoglutaric 
acid. It IS formed when cold sodium hydroxide acts on furazan propionic acid 
(p. 54^)* When it is boiled with sodium hydroxide a-Oximidoglutaric Acid, 
C0aH.CHa.CHaC=N(0Il)C02H, m.p. 152®, is produced (A. 260 , io6). 

^ 2. Acetone Dicarboxylic Acid, ^-Ketoglutaric Acid, C0(CH2C02H)2, 
m.p. about 130°, and decomposes into CO2 and acetone. It may be 
obtained by warming citric acid with concentrated sulphuric acid (v. 
Pechmann, B. 17 , 2542 ; 18 , R. 468 ; A. 278 , 63), and by oxidizing 
it with permanganate (C. 1900. I. 328). The diethyl ester may be 
prepared by the action of alcoholic hydrochloric acid on y-cyanaceto- 
acetic ester. 

Acetone dicarboxylic acid dissolves readily in water and ether. The 
alteration which takes place on heating the acid alone (see above), 
also occurs on boiling it with water, acids, or alkalis. The solutions 
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of the acid are coloured violet by feme chlonde. Hydrogen reduces 
the acid to jS-hydroxyglutanc acid (p. 558). 

PCI. converts the acid into chloroglutaconic acid, CO,H CH • CCl CHaCO|H. 
Hydroxylamine changes it to Oxtmtdoacetone Dtearboxylte Acid, COjH CH*- 
C(NOH)CH,CO,H+HaO. nap 54® anhydrous, m p 89® (B 28,3762) Nitrous 
acid converts acetone dicarboxylic acid into diisonitroso-acetone (p 537) and 
CO. (B 19 , 2466, 21 , 2998) I he acid is condensed by acetic anhydride to 
CHaCOCHCOCCOjH 

dehydracetocarboxyhc acid, | || (A 278 , 186) 

CO-O-CCH, 

AcUone Dtcarboxyhc Fster ROjC CHgCOCHa COaR , methyl ester bp,, X28® , 
ethyl ester, bp,* (B 23 . 37(>2 24 , 4095 C 1906, II 1305) Acid and 

allraline reagents cause the esters to lose alcohol and water, and readily to condense 

ROaCCHaC C(COaR). 

to orctnol a>,2,6 tricarboxylic e ter R02( C/ ^COH (Vol II ) 

XCCOH) CH^ 

Sodium and lodo alkyl produce alkyl acetone dicarboxylic esters, whereby 
the hydrogen atoms of the t o CH2 groups can be successivelv leplaced by alkyl 
groups (B 18 , 2289) it IS however, difficult to separate completely the various 
products of the reaction * oa^ Dimethyl Acetone Dicfirboxyhc Fster, CHaCH(C02R) 
COCHfCOaRjCHa is condensed I v concentrated sulphuric acid into ojci-dimethyU 

CH3C— CO 

cyclobuianone carboxylic ester, || | a monobasic acid (B 40 , 

HOC— C(CH,)C 02 R 

1604) of which the sodium salt reacts with lodomethane in alcohol to form 
tnmethyl acetone dicarboxylic ester This is also formed from oa diethyl acetone 
licarbovylic ester (CIl5)jC(C02R) C0CHaC02R, the product of reaction of 
dimethyl m'llomc cstei acetic ester, and sodium (C 1903, I 76 ,, II 190) 
aa- Diethyl Acefme Dicarboxylic Ester COgCgHg C(C2n,)2C0CH2C02C,H5, is 
formed by the c xrbon monoxide cleavage of a diethyl y oxalyl acetoacetic ester, 
CaHjOjC C(C Jl5)2C0CH2C0C02C,H5 (comp pp 567 609) (B 88, 3438) 

Iodine and di sodium acetone dicarboxylic ester produce hydroqumone tetra- 
carboxylic ester (Vol II ) 

Condensation of acetone dicarbox>lic ester and aldehvdts (B 29 , 994 R 93, 
41 , 1602 etc ) 

O-Ethyl \ce*one Dicarboxyhu I^^ter j 3 Lthoxyglutaconic Ester, CjHjOaCCH - 
C(OCj^5) CHoC OjCgllj bp„ 146® IS iormed from acetone dicarboxylic ester, 
orthoformic cst r and acetyl chloride Hydrolysis produces at first the free 
P I ihoxyglutaconic acid mp 182® (C 1S9S, II 414) 

Aqueous ammonia converts the ester into P^Hydroxyaminoglutaminic Ester, 
RO2C CH2C (OH)(NHg) CHgC ONHg and then Glutaxine, p-Aminoglutacontmide 


COCH C(NH2)Cn2CONH m p 300® with decomposition This substance ;s 
converted by alcoholic ammonia intojS- iminoglutacomc I ster, 'RO^C CH • (NHa)- 
CHjCOaR (B 23,3762) Aniline at ordinary temperatures produces inilacetone 
Dicarboxylic Ester, C^IIjN C(CHaC02R)a m p 9b® whilst at 100^ Acetone Di 
caiooxylrc Anilide OC(CH t OV11C0H5)2, is formed, together with other sub 
stances (B 83 , 3442 85 , 2081) 

Nitrous acid converts acetone dicarboxylic esters into I sontiroso icctone 
Dicarboxylic Ester (i) and IJydroxyisoxazole Carboxylic I sicr (2) (B 24 , 857) . 
fuming nitric acid products n, Di isonitroso-Peroxide (3) (B 26 , 097) 


(I) 


ROaC C COC H2 COaR RO* C C C(OH) C CO.R 

II (2) II I 

NOH N O 

ROaC C-CO-C COjR 


The phenylhydrasone of acetone dicarboxylic acid like the ester, readily forms 
the corresponding lactazani (phenylpyraxolone acetic acid) (B 24 , 3253) 

C,H,NHN CCHaCOall CeH^N N CCHaCOall 

^OOC CH, CO— CH, 
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y-Cyanacetodicetic Ester, CN.CHsCO.CHtCOtCiHB, b.p.iQ 135*’, is formed from 
y-chloracetoacetic ester and potassium cyanide (B. 24, R. 18, 38). y-Cyano^ 
dimethyl-acetoacetic Ester, CN.CHaCO.C(CH5)a.COBCH3, is formed from y-bromo- 
dimethyl-acetoacetic ester. When heated with alkalis or acids it passes into 

COaH.CH.CH(OH).C(CHa), 

€UL~Difnethyl Py~DihydroxyglutaricAcidLactone, | ^ , m.p. 

214® (B. 32, 137), which, on reduction, is converted into y-hydroxy-dimethyU 
glutaric acid IcLcione (p. 5 >9)- 

3. or Acetyl n.-Glutanc Acids are prepared by the action of jS-iodopropionic 
ester on the sodium compounds of acetoacetic ester and the alkyl acctoacctic 
esters : a-Acetoglutanc Ester, R02C.CH(C0CHj)CHa.CH2.C0aR, b.p. 272® ; 
a-Ethyl a-Acetoglutanc Ester, ROjC.C(CjH5)(COCHj).CHaCHjC02R, decomposes 
on distillation. On loss of COj, the free acids pass into the corresponding 8-keto- 
carboxylic acids (p. 424) (A. 268, 113). With ammonia and primary amines they 
form lactams of h-amino~olefine dicarboxyhe mono-esters (B. 24, R. 660). 

4. P’Acyl Glutaric Esters are formed when the sodium salt of tricarballylic 
acid (p. 503) is heated with carboxylic anhydrides, with simultr.neous loss of CO, ; 
they are, however, converted at the temperature of reaction into dilactones, 
from which the ketone dicarboxylic acids are regenerated by the action of alkalis 
(Ftttig, A. 341, i) : 


XH.COOH (RCO),o I .CHjCOO 

HOOC.CHr > RC.rU< 

'■CH.COOH ^CHjCOO 


Rco.cn 


^CHjCOOH 

\;ii,cooH 


Tricarballylic Acid. Dilactone. ^-Acyl Glutaric Acid. 


p-Acetyl Glutaric Acid, CH3CO.CH(CH2COOH)2, m.p. 58®, is obtained from 
its dilactone, m.p. qq®, b.p.,a 205°, by the action of boiling water or alkalis. The 
dilactone is formed when sodium tricarballylatc is healed witJi acetic anhydride 
at 120-130®, also when acetotricarballylic ester is boiled with hydrocliloric acid 
(A. 295, 94 ). 

P-Butyryl- and p-Jsohutyryl-glutaric Acid, CH3CH2CH2COCH(CHaCOOH)j, 
m.p. 88°, and (CH3)aCHCOCH(CH2COOII)2, m.p. 100® with decomposition; 
dilactones, m.ps. 55® and 90®, are obtained from sodium tricarballylatc and butyric 
or isobutyric anhydrides 

Keto-adipic, Ketopimelic and the Higher Ketone-dfcarboxylic Oxides. 

I. Oximes of a-Keto-adipic Acid and a-Ketopimelic Acid are obtained from 
adipic and pimelic esters by means of their carboxylic condensation products 
(comp. p. 504) when acted on by ethyl nitrite and sodium alcoholate : 

CH2.CH(COaRk CHa.C(NOH)CO,R 

I ,CO > I 

CHa CHj' R.OH CHj.CHa.COjR. 


a-Oximido-adipic Ester, m.p. 53® ; acid, TI02C.CIl3CH2CH2C(N0H)C0|H, 
m.p. 152® with decomposition into C03,Il20, and glut.inr acid nitrile ,(p. 502). 
a-0 XI miUo~y -methyl-adipic Ester, m.p. 50® ; acid, 1100C.ClIaCH(Cllj).CH2- 
C(N0H)C02ll, m.p. 103® with dccomx>osition into COg, II 2O, and j3-methyl 
glutaric acid iiitiile (p. 503). a-Oxitmdopimrhc Ester, on oil ; acid, HOOC[CH2]4- 
C(NOH)COan, m.p. 143° with decomposition into CO2, IlaO, and adipic acid 
nitrile (p. 5t\5) (B. 33, 570). 

2. Acetone Diacetic Acid, Hydrochelidonic Acid, Lcevuhnic Acetic Acid, y-Keto- 
pimelic Acid, CO(CU2CH2C02H)2, m.p. 143®, is formed from chelidonic acid 
(or acetone dioxalic acid, p. 621) by reduction; also from furfuracrylic acid 
(Vol. II.) by cleavage with hydrochloric acid. Treatment with acetyl chloride 
or acetic anhydride converts it into a dilactone, m.p. 75**! which when boiled with 
water or alkalis re-forms the acid : 


XH.CllaCOjH 

coc 

\CH2CH2C02H 


I /CH,CH,CO<!) 
-> C<' 

1 \CH,CH,COO 
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This dilactone is also formed during the prolonged boiling dt succinic acid : 
2C4H,04*C,Hg04+C0,+2H,0 (B. 24 , 143 ; A. 267 , 48 ; 204 , 165). Hydroxyl- 
amine produces the oxime, C(NOH)(C|H4.CO|H)2. m.p. 129^ with decomposition ; 
phenylhydrazine gives rise to the phenylhydrazone, C(NbH.C,H 5)(C|H4C02H), 
m.p. 107®. The Acetone Diacetic Ester (ethyl ester, b.p.i, 171®) gives, with bromine, 
sym-.-dibromacetone diacetic ester ; methyl ester, m.p. 58® ; ethyl ester, m.p. 
49® (B. 87, 3295)- 

Phovonic Acid, Acetone Tetramethyl Diacetic Acid, C0[CH2.C(CHj)|C02H]|, 
m.p. 184®, is formed from the addition product of phorone and two molecules of 
hydrochloric acid (p. 220) by successive treatments with potassium cyanide and 
hydrochloric acid (B. 26 , 1173). The corresponding y-dilactone, m.p. 143* 
(A. 247 , no). 

V 3. Acetone Di-^-propionic Acid, h-Keto-azelaic Acid, COCCHbCHbCHbCObH]!, 

, m.p. ib2® (dimethyl ester, m.p. 31®), is obtained from acetone dipropionic dicar- 
boxylic ester, the product of di-sodium acetone dicarboxylic ester and two 
molecules of j 3 -iodopropionic acid. Reduction changes it into sym.-hydroxy- 
aselaic acid, H0CH[CH2Ctl2C'H2r02H]2, m.p. 105®. When heated it gives off 
water, but instead of a dilactone (p. 5 70) a he xamethylene ring body is formed ; 

Dihydroresorcyl Propionic ^cid, C0[CH,]3C0CH[CHa]2C02H. This, on cleavage 
with nitrous acid (comp. p. 570), yields oxtmido-acetone dipropionic add, 
H02C[CH2]8COC(NOH)[CH2]2C02H, which undergoes the Beckmann inversion 
(p. 227), and is decomposed into glutaric and succinic acids (B. 87 , 3816). 


OLEFINE- AND DI-OLEFINE-KETONE DICARBOXYLIC ACIDS 

1. Oxalocrotonic Acid, COOH.CO.CHjCH : Cll.COjH, m.p. 190®, with for- 
mation of a di-olcfmc-lcictone carboxylic acid, a-Pyrone ^-Carboxylic Acid, 

CO2H.C: CH.CH : CHCOO, m.p. 228®, is prepared from Oxalocrotonic Ester, 
CaH-OjC.CO.CHaCH : CHCOaK, nip. 79®. which is formed by condensation of 
oxalic and crolonic esters by sodium alcoholate. Like oxalacetic ester, it 
possesses strong Hicidic properties (comp. Glutaconic Ester, p. 521) (C. 1901, II. 
1264). 

2. a-Aceto P-methyl-glutacomc Acid, CHaCO.CH(COaH)C(CH2) : CHCOjH, is 
the hypothetical acid of which the lactone oi the act-form is Isodehy dr acetic Acid, 

I ' I 

Dimethyl Coumahe Acid, CTI^C : C(C02H).C(CH8) : CHCO, m.p. 155®. This is 
obtained by condensation of act toacetic ester by means of sulphuric acid ; also 
by reaction of sodium acetoacctic ester with j 9 -chlorocrotonic ester. The 
lactone decomposes at 205® into COj and mesitene lactone (p. 399)- Methyl 
ester, m.p. 67®, b.p.,4 167®; ethyl ester, m.p. 25®, b.p.,2 166®, takes up two molecules 
of ammonia to form a salt which resembles ammonium carbonate in its decom- 
position products ; at 1 00-140®, however, there is formed the corresponding 

• . I - " I 

lactam, Cdrhoxethyl Pseudolutidostyril, CHjC: C(C02R)C(CHj): CHCONH, which 
is also formed by condensation of j8-aminocrotonic ester (p. 419) (A. 259 , 172; 
B. 30 , 483). 

3. P-Carboxyl Diacrylic Acid, yKeto-a}A-pentadiene Dicarboxylic Acid, CO[CH 
CHCOOHJj, m.p. above 230®, with decomposition. Its esters arc yellow-coloured ; 
dimethyl ester, yellow leaflets, m.p. 169®, diethyl ester, yellow prisms, 50®, arc 
formed from dibromacotone diacetic esters (above) by the loss of 2 molecules 
of hydrobromic acid through quinoline (B. 37 , 3293). 

Carboxyl Dimethyl Acrylic Acid, Acetone Dipyroracemic Acid is precipitated 

I * I 

I .CH : C(CH,).COO 

from its salts in the form of its anhydride or v-dilactone, C<^ • 

I Vh:C(CH,).COO 

L ^1 

m.p. i66®, b.p. 234®, which is obtained by the condensation of acetone and pyro- 
racemic acid (B. 81 , 6di). 
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THE URIC ACID OROUP 


Uric acid is a compound of two cyclic urea residues combined with 

HN—CO 


a nucleus of three carbon atoms : OC C—NH 


HN- 


-NH 


)>co. 


By its oxida- 


tion the ureides of two dicarboxylic acids — oxalic acid and mesoxalic 
acid — ^were made known. The ureide of a dicarboxylic acid is a 
compound of an acid radical with the residue, NH.CO.NH ; e.g. 


CO—NH 


I \co=urcide of oxalic acid, oxalyl urea, parabanic acid. 

CO— NH^ 


They are closely related to the imides of dibasic acids, succinimide 
(p. 497), and phthalimide ; and parabanic acid may, for example, be 
regarded as a mixed cyclic imide of oxalic and carbonic acids. like 
the imides, they possess the nature of an acid,* and form salts by the 
replacement of the imide hydrogen with metals. The imides of dibasic 
acids are converted by alkalis and alkaline earths into amino-acid 
salts, which lose ammonia and become converted into salts of dibasic 
acids. Under similar conditions the ureide ring is luptiired. At first 
a so-called wr-acid is produced, which finally breali down into its 
components, urea and a dibasic acid : 


CHjCO, 

I >NH 
CHaCO^ 
Sucaiumide. 

CONH^ 

I >CO 
CONH'^ 
Parabanic 
And. 


CH.CONH* 

> I 

Cl aCOOH 
Succinamic Acid. 

CONHCO 

> \ I ■ 

CO,H NH, 
Oxalunc 
Acid. 


^ CHaCOOH 

CHaCOOH 
Succinic Acid. 


+NH, 


COOH NH,. 
^ 1 + > 
COOH NHa^ 
Oxalic Urea. 
And. 


CO. 


The names of a scries of ureides having an acid character end in 
uric acid,**— e.g. barbituric acid, violuric acid, dihturic acid. These 
names were constructed before the definition of the ur-acids given 
above, and it would be better to abandon them and use th6 ureide 
names exclusively, — e.g, malonyl urea, oximidomesoxalyl urea, nitro- 
malonyl urea, etc. 

It is the purpose to discuss the urea derivatives of aldel^ydo- and 
keto-carboxylic acids, of glyoxalic acid and acetoacetic acid in con- 
nection with the ureides and “ur” acids of the dicarboxylic acids. 
These are allantoin and methyl uracil. The fir^t can also be prepared 
from uric acid, whilst the methyl uracil constitutes the parent sub- 
stance for the synthesis of uric acid. 

Xanthine, theobromine, theophylline, theine or caffeine, and 
guanine, hypoxanthine, adenine, etc., are related to uric acid. 

HreYdes or Carbamides of Aldehyde- and Keto-monocarbozylio 
Acids. 

These bodies arc connected themselves with the ureides of the 
oxacids, hydantoin, and hydantoic acid, which have already been 
discussed (p. 442). 



ALLANTOi'N , S!fy 

The following coniponnds with urea are derived from glyoxylie acid • 

. 1 

OCH.CO.NHCONH, HOCH.CO.NH.CONH 

V ' 

AUanturic Add or Glyozalyl Urea. 

fiIHjCONH),CHCOOH NH,CONH.CHCO.NHCOl!fH 

Allantoic Acid and AUantom. 


Allantoin, C4H^08> m.p. 231® with decomposition, is present in the urine 
of sucking cal'^es, in the allantoic liquid of cows, and in human urine after the 
ingestion of tannic acid, tt has also been detected in beet- juice (B. 29 , 2652). 
It is produced artificially on heating glyoxalic acid (also mesoxalic acid, 
C0(C08H)8) with urea to 100® ; also from hydantoin by the action of bromine 
and urea (A. 332 , 134^ 

AUantom is formed by oxidizing uric acid with PbO* and MnO,, potassium 
ferricyanide, or witJi alkaline KMn04 (®- 7 , 227). Methylated uric acids when 
oxidized in alkaline solutions yield methyl cUlantoins (comp. p. 583) (A. 323 , 185). 

Allantoin crystallizes in glistening prisms, which are slightly soluble in cold 
water, but readily in hot^watcr and in alcohol. It has a neutral reaction, but 
dissolves in alkalis, forming salts. 

Sodium amalgam converts allantoin into glycolunl, or acetylene urea. 

Allantoic Acid (formula, see above) decomposes at 165®, is prepared by 
hydrolysis of allantoin or its salts. It is not very soluble in water, and readily 
decomposes into urea and glyoxyhc acid. Ethyl ester, (NH 8 C 0 NH) 8 CHC 08 - 
C,H4, is prepared from glyoxyhc ester, urea, and hydrochloric acid. Ammonia 
or alkali hydroxide solutions condense it to allantoin (C. i9<^4, 1 . 792 ; 1906, II. 

578)- 

Allantuftc Acid (formula, above) is obtained when allantoin is warmed with 
nitric acid, and by the oxidation of hydantoin (p. 412). It is a deliquescent 
amorphous mass, insoluble in alcohol. Glyoxyl Urea (formula, see above) is a 
decomposition product of oxonic acid, C4H5N3O, ol)tained by oxidation of uric 
acid. It consists of thick needles, readily soluble in hot water (A. 175 , 234). 

Glyoxylie acid unites with guanidine to form, according to the conditions of 
reaction, guanidine glyoxyhc acid (i), m.p. 210® with decomposition, or tmido- 
allantoin (2) (?) (A. 315 , i); but with thiourea it forms glyoxyl thiocarbimide (3), 
consisting of red-brown crystals (A. 317 , 15^) • 


(I) HNC 


^NH— CHOH 
COOH 


>NH— CH.NH. . 

(2) HNC-^ I >CO (3) SC<: 

NH* CO.NH^ ^ 


NHCO 

N=:CH 


Pyruvil, >[HaCONH.C(CHj)CO.NHCONH, is formed by heating pyroracemic 
acid and urea, during which an intermediate product, CHjC(NHCONHj)jCOOH, 
is formed (C. 1901, II. 1114). 

The utacils are the urcidcs of j 3 -aldo- and j8-kcto-carboxylic acids. The simplest 
uracil, the ureide of formyl acetic acid, its amino-derivativc cytosine, like thymine, 
the unde of a-formyl propionic acid, together with various purine derivatives 
(p. 587), are members of the nucleinic acids (see Proteins) which occur in thymus 
glands, fish spermatozoa, yeast, kernels of plants, etc., and obtained from these by 
hydrolysis with sulphuric acid. The uracils contain the six-membered pyrimidine 
ring (Vol. II.), which, when united to the five-membered glyoxahne ring, shows 
the constitutional formula of uric acid (^.v.). Derivatives of uracil are, there- 
fore, employed in many ways for the synthesis of uric acid and other purine 
derivatives (pp. 585, et seq). 

(6) (i) 

UiacU, C.H.OJN,. <j) ^|][>CO(,) or CH<g|OH) = ^>C(OH) 

* (4) (3) 

2,6~Dihydfoxypyrimidin$, m.p. 335® with decompo<iition. It is prepared from 
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nvcleinic acid (p. 573). and synthesized (i) from hydrouracil (p. 444) by 
bromination to broxohydrouracil, C4HfBrOaNi, and withdrawal of hydrobromic 
acid by means of pyridine ; (2) Trichloropyrimidine, C4HCI3N4, obtained from 
barbituric acid (p. 576), and POCI3, reacts with sodium methoxide to form 
dimethoxychloropyrimidine, (C4H(OCHa)jClN3 ; this is reduced with zinc dust 
and hydrochloric acid to 2,6-dimethoxypyrimidine, C4H2(OCH3)jN,, which is 
hydrolyzed to uracil by evaporation with hydrochloric acids ; (3) 0 -Methyl 

thiourea and formyl acetic ester produce methyl mercapto-oxypyrimidine 
(comp. p. 453 )p which is decomposed by hydrochloric acid into methyl mercaptan 
and uracil (B. 84 , 3751 ; 36 , 3379 ; C. 1903, I. 1309). Uracil is easily soluble in 
hot water, and with difficulty in alcohol and ether. It is precipitated by phospho- 
tungstic acid and mercuric sulphate. 

Cytosine, Uracilimide, 2-Oxy-6-afnino-^rimidine, C4H30N3 (see below), 
decomposed at 320-325®, is synthesized as follows : ethyl mcrcapto-oxypyri- 
midine (p. 373) and PCI, give ethyl mercaptochloropyrimidine, which, by 
ammonia, is converted into ethyl mercapto-aminopyrimidine ; this is decom- 
posed by hydrobromic acid into mercaptan and cytosine (C. 1903, I. 1309). 
Nitrous acid converts cytosine into uracil (C. 1903, I. 1365) : 


C.H.S.C<^; 


N* 


^CCl 


NH3 


NCH : CH 

,N-=-=-C.NH, 


C3,HS.0 


/ 


N- 




OC,. 


HNO3 


^NH.CH : CH 

Cytosine. 


^N.CH : CH 

,NH CO 

OC<^ 


NHCH : CH 

Uracil. 


Cytosine is decomposed by permanganate into biuret (p. 445) and oxalic acid. 
It forms salts with nitric acid, sulphuric acid, HjPtCl* ; also with silver, mercury, 
etc. : picrate, m.p. 278®. The isomeric 2 -Amino~6-oxypynmtdtne, the gMarietde of 
.NH CO 

formyl acetic acid, NHaC^ | ,m.p. 276® with decomposition, is formed 

^NHCH : CH 
from guanidine and formyl acetic ester. 

Thymine, ^-Methyl Uracil, m.p. 318-321® with decom- 

position, is synthesized analogously to the uracils : (i) from 5-mcthyl hydro- 
uracil (p. 4 h) I (2) froin C-methyl barbituric acid (p. 577) ; (3) from 2-methyl- 
mercaplo-5-methyl-r)-oxypyrimidine, the product of 0 methyl thiourea and 
a-formyl piopionic ester (B. 34 , 3751 ; 38 , 3394 ; C. 19^3. 1 - 


4 -Methyl Uracil, ^H‘^C(CH,) decomposition, is 

synthesized : (i) from acetoacetic ester and urea and (2) from 4-mcthvl hydro- 
uracil (p. 444) ; POCls reacts with methyl uracil and pioduces ^-methy 1-2,6- 
dichloYO-pyrxmidiiic : electrolytic reduction yields melhvl trimethylene urea 
(p. 441) and 1,3-dKuninobutane. Nitric acid and P3O5 give 5-nitro-4-methyl- 
uracil. and this on reduction forms amino-methyl-^racil (p. 585). Permanganate 
produces ^-oxy-ynethyl-uractl and then /^,^,^-trioxy-mttliyt-hydrouracil (methyl 
isodialuric acid). The latter, by further action of permanganate, is broken 
up into acetox.duric acid ; but alkalis produce acetyl glyoxyl urea (the urcide 
of a^-diketo butyric acid) which, with chromic acid, yields parabanic acid 
(P- 575)- 


NHCOCH 

I 

CO.NH.CCH, 


NH.COv 

Nco 

63.NH^ 


NH.CO.COH 
I II 
CO.NHCOCH, 

NI'.CO.COH 

/I 

CO . NHCOCH, 



NH.CO.C(OH), 

CO.NH.C(OH)CH, 


NH.CO.COOH 

I 

CO.SrH.COOH, 
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This series of oxidations and transformations probably represents the alkaline 
oxidation reactions of uric acid and its derivatives (comp, scheme, p. 583, and 
A. 833 . 144). 

Methylation of 4-methyl uracil by means of KOH and iodomethane 
produces ^,^-dimethyl uractl, m.p. 2^^ 1,4-dtmethyl uracil, m.p. 262". and 
i,^,^~trimeihyl uracil, m p. in® (A. 843 , 133, etc.)* 

Fuither uracil derivatives are obtain^ as intermediate compounds during 
the synthesis of uric acid (pp. 585, 586). 


UREIDES OR CARBAMIDES OF DICARBOXYLIC ACIDS 


The most important members of this class are parabanic acid and 
alloxan. They were first obtained by oxidizing uric acid with nitric 
acid. These cyclic ureides by moderated action of alkalis or alkali 
earths are liydrolyzed and become “ ur "-acids. When the action of 
the alkalis is energetic, the products are urea and dicar boxylic acids 
—e.g. : 


CO— NH 

io— NH' 


Ox alyl 

Parabanic Acid. 


\co -- 


H,o CO,H NH 


Ba(0H)2 


CO ^NH 

Oxalunc 


I >CO 

nh^ 


H»0^ 

IkohT 


Acid. 


CO,H NH,v 

I + >co. 

CO,H NH/ 

Oxalic Carbamide. 
Acid. Urea. 


Oxalyl Urea, Parabanic Acid, co<^ ^ , m.p. 243 with decom- 
position, is pioduced by the oxidation of uric acid and alloxan with 
ordinary 'nitric acid (A. 182 , 74) ; by the treatment ot hydantoin 
(p. 442) with bromine and water (A. 333 , 115) ; and, synthetically, by 
the action of POCI3 on a mixture of urea and oxalic acid ; or by 
heating oxamide and diphenyl carbonate CO(OCeH5)2 together at 
240° (C. 1900, I. 107). It is soluble in water and alcohol, but not in 
ether. 

Its salts are easily converted by water into oxalurates ; stiver salt, C,NjO,Ag,, 
is obtained as a crystalline precipitate. 

Oxalyl Methyl Urea, Miihyl Pafol^amc Acid, C8H(CII,)N,Oa, m.p. 149*5®, is 
formed by boiling methyl uiic acid, or mctliyl alloxan, with nitric acid, or by 
treating theobiomme with chromic acid mixture. It is soluble in ether. 

Oxalyl Dimethyl Urea, Dimethyl Parabanic Acid, Cholestrophane , C3(CH,),- 
NjOa, m.p. 145®, b.p. 276®, is obtained from dimethyl alloxan and theine by 
oxidation^ or by heating methyl iodide with silver parabanate. 


Oxaluric Acid, NH2CO.NHCO.CO2H, results from the action of alkali 
on parabanic acid. Free oxaluric acid is a crystalline powder, 
dissolving with difficulty. When boiled with alkalis or water, it 
decomposes into urea and oxalic acid ; heated to 200° with POCla, 
it is again changed into parabanic acid. 

The ammonium salt, the silver salt, crystal- 

lize in glistening needles. 

The ethyl ester, C,Hj(CaHB)Na04, m.p. 177®, is formed by the action of ethyl 
iodide on the silver salt, and has been synthetically prepared by allowing ethy) 
oxalyl chloride to act on urea. 

Oxaluramide, Oxalan, NHjCO.NHCOCONHj, is produced on heating ethyl 
pxalurate with ammonia, and by fusing urea with ethyl oxamate. 
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' /KHCO 

Oxalyl Guanidine, HN:C^ | , is formed from oxalic ester and guanidine 
(B. 26, 2552; 27, R. 164). NHCO 

(I) (6) 

Malonyl Urea, Barbituric Acid, (a) CO<^jJ^q>CH, ( 5), is obtained from 

alloxantin by heating it with concentrated ^sulphuric acid, and from dibromo- 
barbituric acid by the action of sodium amalgam. It may be synthetically 
obtained by healing maloiuc acid and urea to 100** with POClg, or by boiling 
urea and sodium malonic ester together in alcoholic solution (B. 87, 3657). It 
crystallizes with two molecules of water in large prisms from a hot solution, and 
when boiled with alkalis is decomposed into malonic acid and urea. Electrolytic 
reduction converts it into hydrouracil and trimcthylene urea (pp. 441, 444). 

The hydrogen of CH, in malonyl urea, as in malonic ester, can be readily 
replaced by bromine, NO,, and the isonitroso-group. It forms metallic salts (B. 
14 , 1643 ; 15, 2840). 

When silver nitrate is added to an ammoniacal solution of barbituric acid, a 
white silver salt, C4H|Ag2N20a, is precipitated. 

Malonyl Dimethyl Urea, i,y Dimethyl Barbituric Acid, CH2[CON(CHj)]jCO, 
m.p. 123®, and Malonyl Diethyl Urea, m.p. 52®, are fo*-nied from malonic acid, 
POCI3, and the respective di-alkyl urea (B. 27, 3084 ; 30, 1815). 

6 -Imino-isobarbituric Acid, yAminouracil, is ob- 

tained in the form of needles which, when heated, foim cyanacetic ester, 
sodium ethoxidc, and urea. During the reaction cyanacctyl urea, CN.CHjCO.- 
NUCONHj, is formed as an intermediate product, which can also be prepared 
from cyanacetic acid, urea, and i’OCl, or (CH3C0),0. ()-Intino-2-thio-barbituric 
Acid, CH3[CaO(NH)](NH3)CS, is produced from cyanacetic ester and thiourea; 
guanidine and this latter body form 6,2~Diiminobarbituric Acid, CH2(2C30NH)- 
(NHJiC : NH. These substances are decomposed by dilute acids into ammonia, 
barbituric acid, and 2-Thiobarbituric Acid, Malonyl Thiourea, CH,(CONH)jCS, 
dJidz-lminobarbituric Acid, Malonyl Guanidine, CHj(CONH)aC: NH, respectively. 
These compounds are directly produced from malonic ester and thiourea or 
guanidine (A. 340, 312 ; B. 26, 2553). 2,^,6-Triiminobarbituric Acid, 2,4,6- 
Triaminopyrimidine, CH*[C(NH).NH]3C : NH, is formetl from ^malonic nitrile 
and guanidine (B. 37, 4545). 4,4,t~Trichloropyrimidine, Cll :^(C.C1.N)3^CC1, 
b.p. 213®, is formed from barbituric acid and POCI3 at 130-145® (B. 87, 3657J. 
It can be converted into uracil (p. 573). 

C-Alkylated Bafbituric Acids. 

These compounds have been minutely studied on account of soine 
of their number acting as valuble saporifics, e.g. C-diethyl barbituric 
acid {Veronal) and C-dipropyl barbituric acid. 


Methods oj formation. 

(1) Alkylation (by the action of iodomctliane on the silver salt of barbituric 
acid) only produces directly C-dimetbyl barbituric acid. 

(2) Malonyl guanidine (see above) is more conveniently alkylated, and the 
mono- and di-aikyl malonyl guanidines which are produced are converted into 
mono- and di-alkyJ malonyl ureas when heated witli acid (C. 1906, II. 1465). 

(3) Condensation may occur between monomalonyl chloride (or, better, 
the malonic ester), monocyanacetic ester or mono-alkyl malononitrile with 
urea, thiourea, guanidine, or dicyandiamide, with or without the help of sodium 
alcoholate ; C-mono-alkyl barbituric acid or its thio- and imino-derivatives (see 
above) are formed, which, on hydrol3rsis, yield the barbituric acids. The di- 
alkyl compounds produce the respective barbituric acid (A. 835, 334 ; 840, 
310 ; 359, 145 ; C. 1906, I. 514 ; II. 1465 ; 1695. etc.) : 


w,c<<8'| (c.H.,x<8g:Sg:^o 

I ’ f 
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(4) Dialkyl Malonuric Actds, such' as Diethyl Malonuric Acids, HOOC.C- 
(C|Hg)i CO NHCONHa, xn.p. with decomposition . Dipropyl Malonurtc Actd, 
mp. 147* with decomposition, are formed from the malonic acid, urea, and 
fummg sulphunc acid. They readily decompose into CO^ and dimethyl aceto- 
urea , the nttrtles, on the other hand, such as NC C(Cj|H|)g.CO NHCONHa 
(which is produced from alkyl cyanacetic ester, NaOR, and urea at ordmary 
temperatures) easily condense to cyclic compounds Similarly, Diethyl MaUmyl 
Urethane, (C,H|)aC(CONHCOOC|H,)a, is formed fiom diethyl malonyl chlonde 
and two molecules of urethane , it is readily converted mto diethyl barbituric 
acid by C,Hs ONa (C 1906, II 574) 

O-Mono nethyl Barbituric Acid, CH3CH(CONH)sCO, m p 203^ (B. 88, 3394) 
OEthyl Barbituric Acid, m p 190**, unlike barbituric acid itself, is easily ethylated 
by lodoethane and alkalis to veronal C-Piopyl Barbituric Acid, mp 208*. 
C-Isopropyl Barbituric Acid, m p 216® 

C-Dimethyl Barbituric Acid, (CH,),C(CONH),CO, mp 279®, is also obtained 
from dimethyl malonic acid urea and POCl, , but if this treatment be applied 
to the homologucs, only di-alkyl acctoureas, R,CHCO NHCONHj, are pro- 
duced These acids yield stable di-sodium salts, whilst the homologous dt- 
alkyl barbituric acids only give easily hydrolyzed mono-sodium salts. 

C-Diethyl Barbituric^ Acid, Veronal, ^C,H5),C(CONH)aCO, mp. 212*, has a 
bitter taste, and acts as a soporific It cryst illizes from hot water in the form 
of colourless spear-shape cryst ils, and is easily soluble in alkalis and ammonia 
Ihioveronal, Diethyl Malonyl Thiourea, (C,Il,)gC(CONH),CS, m p x8o®, when 
heated with aniline and phenvlhydiazine exchanges S for the groups NC«Hf 
and NNHCgHs Reduction with sodium amalgam produces di-ethyl malon- 
amide. (C,HR),C(CONH,)j|.Z)ic^/jy/ Modonyl Methylene Diamine or Desoxyveronal, 
(C,H5),C(C0NH)*CH,. m p 293®, and other substances (A 859 , 154). 

Tartronyl Urea, Dialunc Acid, CO<^^^q>CH OH, is formed by the re- 
duction of mcsoxalyl urea (alloxan) with ammonium sulphidr or with zinc 
and hydrpchlonc acid, and fiom dibromobarbituric acid by the action of hydrogen 
sulphide On adding hydroev inic acid and potassium ciibonate to an aqueous 
solution of alloxan, potasbium dialurate separates but potassium oxalurate 
remains dissolved 

2C4iI,N,04-r2K0H«C4H,KN,04-hC,HsKN 04-|-C0, 

PoLa:»Muii DiUuiate Poi^saiui 1 Oxalurate 

Isodialuric Acid isomeric with dialuiic acid, is piepared from oayuracil 
(p 5^5) and bromine water , bases easily convert it into dialunc acid, 

^ CO<NH CO>‘^**°*** 

Isodialunc acid is differentiated from dialunc acid by its more ready oxidation 
(A 315,240) 

Dialunc® and cryst ilhzis in needles or prisms, shows a very acid reaction, 
and forms salts with i and 2 equivalents of the metals (A 344 , i). It becomes 
red in colour in the air, absoibs oxygen and passes into alloxantm . 

2 C 4 H 4 N 404 + 0 =C,H 4 N 40 ,-|- 2 H ,0 

Acetyl Dialuric Acid, CH,COOCH(CONH),CO (’). mp 2x1®, is prepared 
from dialunc acid and acetic anhydride It combines with allox xn to form 
acetyl-alloxantin. 

Tartronyl Dimethyl Urea, HOCH[CON(CH4)]4CO, m p xyo® with decom- 
position (B 27 , 3082) 

Nltromalonyl Urea, Nitrobarbiturle Aeld, Dlllturle Acid : 

GO<^j[*^^CHNO„ or CO<^ ^^C:NOOH (C 1897. II 266). 

is obtamed by the action of fummg mine acid on barbitunc acid and by thl^ 
oxidation of violuric acid (B 16 , XX35) It crystallizes with three molecules 
of water and can exchange three hydrogen atomb for metals. NUromalhnyl 
Dimethyl Urea, m.p. 148® (B. 28 , R 

TOL. I. 
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Amhiomalonyl Ur^a, Aminohaybituric Acid, Uramil, Dialuramide, Murexan, 
CO<^J^qq>CHNH„ is obtained in the reduction of nitro- and isonitroso- 

barbitiiric acid, and also alloxan phenylhydrazone with hydriodic acid ; by 
boiling thionuric acid with water, and by boiling alloxantin with an ammonium 
chloride solution. Alloxan remains in solution, whild uramil crystallizes out. 
Uramil, together with alloxan, is formed in the decomposition of murexide and 
purpuric acid ; also, when ammonium dialurate is heated (A. 338 , 71). It is 
only slightly soluble in hot water, and crystallizes in colourless, shining needles, 
which redden on exposure. 

Uramil dissolves in alkalis, forming salts, but prolonged action of alkalis 
causes decomposition into urea and aminomalonic acid, and other bodies (A. 
333 , 77). When a solution of uramil is boiled witli ammonia, murexide (p. 580) 
is formed. Nitric acid converts uramil into alloxan. Oxidation with perman- 
ganate (A. 333 , 91)* Acetyl Uramil, CH,CO.NHCH(CONH)aCO, is obtained 
from uramil and acetic anhydride ; its metallic salts form well-defined crystals. 

Thionuric Acid, Sulphaminoharbituric Acid, H 08 S.NH.C 1 I{C 0 NH),C 0 , 
and aJkyl thio>ntric acids are obtained as ammonium salts from alloxan or violuric 
acid (below) ; or from alkylated alloxans and ammonium sulphite ; or methyl 
ammonium sulphite. They are decomposed by acids -into sulphuric acid and 
uramil or alkyl uramil. Dimethyl ammonium sulphite and alloxan yield a true 
bisulphite compound (see p. 579), which is decomposed into its components 
by acids (A. 333 , 93). 


Alkyl Uramils. 

In order to define the position of the alkyl groups the carbon and nitrogen 
atoms of uramil are numbered from i to 7, as is the uric acid (or purine) ring 
(P- 803) : , j 




^-Methyl Uramil, CO(NHCO)aC:H.NHCH, ; 1, y Dimethyl Uramil, 
COJaCHNH,; -Trimethyl Uramil are obtained from the corresponding 
thio'iuric acids (see above) ; the i.,y Dimethyl Uramil is also produced by methy- 
lating uramil. Diharhituryl Methylamine, CIIjN[CH(CONH)aCO]a, decomposes 
at 280°, is formed from alloxantin and methylamine hydrochloride (J. pr, Ch. 
[2] 73 , 47J)- 

yMethyl Uramil, CO(NHCO)aC(CH3).NHa, m.p. 237®, and yEthyl Uramil, 
m.p. 2ib®, arc obtained from C-alkyl barbituric acid by bromination and the 
action of alcoholic aTnmonia (A. 335 , 359)' 

Pseudouric Acid, Carbamido-malonyl-urea, CO<C^J^*qq>CH.NHCONH„ is 

produced, as an ammonium salt, from uramil and urea at 180®; as a potassium 
salt from uramil or murexide and potassium cyanate. 

y-Monomethyl Pseudouric Acid’, i,yDimethyl Pseudouric Acid; 1,3,7- 
Trimethyl Pseudouric Acid; i.,y Diethyl Pseudouric Acid arc prepared from 
the co-rcsponding alkyl uramils and potassium cyarifite. When heated with 
oxalic acid to 150®, or when boiled with hydrochloric acid, they change into the 
corresponding uric acids (B. 30 , 559, 1823). 

Phenyl Pseudouric Acid, (C4HsOj).NHCONHCgH5, is prepared from uramil 
and phenyl cyanate (C. 1900, I. 806). 

Thlouramil, results when a solution of potassium 

urate is heated with ammonium sulphide to 155-160® (B. 28 , R. 909 ; A. 288, 
157). It is a strong acid. Its solution imparts an orange colour to a pine chip. 
It gives the murexide test (p. 580). Nitric acid oxidizes it to sulphuric acid 

and alloxan. fi-Thiopsfudourie Acid, CO<JJ2^^>C.NHCO.NH„ ia ob- 
tained from thiouramil and potassium cyanate (A. 288, 171 ). 


Alloxan, Mesoxafyl Urea. CO<JJh;co>CO» is produced by the 
careful oxidation of uric acid, or alloxantin, with nitric acid, chlorine. 
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or bromine. Alloxan oTstallizes from warm water in long, shining, 
rhombic prisms, with 4 molecules of H2O, the crystals having the 
formula ; C0(NHC0)2C(0H)2+3H20. When exposed to the air they 
effloresce with separation of 3H2O. The last molecule of water is 
intimately combined (p. 562), as in mesoxalic acid, and does not escape 
until heated to 150®. 


Alloxan is easily soluble in water, has a very acid reaction, and possesses a 
disagreeable taste. The solution placed on the skin slowly stains it a purple 
red. Ferrous salts impart a deep indigo blue colour to the solution. When 
hydrocyanic acid and ammonia are added to the aqueous solution, the alloxan 
breaks down into CO,, dialuric acid, and oxaluramide (p. 575), which separates 
as a white precipitate (reaction for detection of alloxan). 

Alloxan is the parent substance for the prcpaiation of numerous deiivatives 
[Baeyer, A. 127 , i, 199 ; 130 , 129), which have in part already received mention, 
and some of which will be discussed after alloxan. These genetic relationships 
are expressed in the following diagram : 


• (I) 

.^NH.( ^ O.C(OH)<^gjJg>CO 


co<?l5io>co^- 

(2) Alloxan. 

(") co<5J}}:8o>choj' 

,, Dialuiir Acid. 

/Nil CO 

^^Nnii.co 

Parabanir Af id. 




Alloxantin. 

(4) 


(«;) Bailiituiic Acid. r Piiiiuiir Acid. 

( 8 ) 

c8>'^= ^ “<SH.f8>ciiNH,' 

Violunc Acid. Uramil. 


( 6 ) 

y 


(i) Reducing agents, e.g. hydnodic acid, SnClj, HgS, or Zn and hydrochloric 
acid, convert alloxan in the cold into alloxavtin (p. 500) ; (2) on warming, into 
dtalunc acid (p. 577). (3) Alloxantin digested with concentuited sulphuric acid 

becomes barbituric acid (p. 57O) : (4) fuming nitiic acid changes it to dilttunc 
acid; (5) and w'lth potassium nituto it 3neJds violunc acid. (0) (7) Uramil 
results from the reduction ol dilituiic acid and violunc acid. (8) Dilituric acid 
IS formed when violunc acid is oxidized. (9) Hydroxylamine convcits alloxan 
into its oxime — violunc acid. (10) Boiling dilute nitric acid oxidizes alloxan 
to parabanic acid and COg. 

The primary alkali sulphites unite with alloxan just as they do with mesoxalic 
acid, iTiid crystalline compounds arc obtained, e.g. C4H2Na04.KIlS0, + ll20. 
Pure alloxan can be preserved without undei going decomposition, but in the 
presence of evf'n minute quantities of niti-ic acid it is converted into alloxantin. 
Alkalis or calcium or barium hydroxide cliange it to alloxanic acid, even when 
acting in the* cold. Its aqueous solution undei goes a gradual decomposition 
(more rapid on heating) into alloxantin, parabanic acid, and CO,. 

Alloxan Phenylhydrazone, m.p. 284* (B. 24 , 4T40 ; 31 , 1972). 

Alloxan Semtearbazide (B. 80 , 131). Alloxan unites with aromatic amines 
to form dyes of quinonoid character (Vol. II.) (A. 333 , 36 ; J. pr. Ch. [2] 73 , 

yN=C.CO.Nll 

449). o-Phenylene diamine produces Alloxazine, | | . Sub- 

^N==CM'UO 

stances with an active CHg-group readily react with alloxan (A. 255 , 230, etc.). 

Methyl Alloxan, CO ^ CO, is produced by the oxidation of 
methyl uric acid. 

Dimethyl Alloxan, CO[N(CH3).CO],CO, is produced when aqueous chlorine 
(from hydrochloric acid and KCIO,) acts on theine ; and by the careful oxidation 
of tetramethyl alloxantin (B. 27 , 3082). When it is boiled with nitric acid, 
methyl and dimethyl parabanic acid are formed. 

Diethyl Alloxan, B. 30 , 1814. 

Dibromomalonyl U^a, Dibromobarbituric Acid, Br,C(CONH)|CO, ipulte wjien 
bromine acts on WbiLunc acid, nitro-, amido- and isonitroso-barbituric ^cldt. 
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Ozlmldomesoxalyl Urea, IsonUrosoharhituric Acid, VioluHc Acid, CO(NHCO)|- 
C:NOH, the oxime of alloxan, the first knowh “ ketoximc," is obtained by the 
action of potassium nitrite on barbituric acid, and of hydroxylamine on 
alloxan. It unites with metals to form blue, violet, or yellow coloured salts 
(B. 32 , 1723). When heated with the alkalis, it breaks down into urea and 
isonitrosomalonic acid (p. 563). Oximidomesoxalyl Dimethyl Urea, m.p. I4i* 
(B. 28 , 3142 ; R. 912). Diethyl Violuric Acid (B. SO, 1816). 

Alloxaiilc Acid, NlIa.CO.NU.CO.CO.COaH. If barium hydroxide solution 
be added to a warm solution of alloxan as long as the precipitate which forms 
continues to dissolve, barium alloxanate, C4HaN205Ba+4Ha0, will separate 
out in needles when the solution cools. To obtain the free acid, the barium salt 
is decomposed with sulphuric acid and the liquid is evaporated at a temperature 
of 30-40 , whcieby .1 mass of crystals is obtained. Water dissolves them easily. 
Alloxanic acid is a dibasic acid, inasmuch as both the hydrogen of carboxyl arid 
of the imid<* gioup can be replaced by metals. When the salts are boiled 
with water, they decompose into urea and raesoxalates (p. 562). 

Diurel'des. — ^When the urei’dcs, parabanic acid, alloxan and di- 
methyl aJloxan are reduced, there is probably combination of the 
reduced with the still unreduced molecules (see Vol. II., Qiunhydrone), 
whereby the diureides, oxalantin, alloxantin and amalic acid are 
formed (comp. A. 333, 63 ; 344, 17 ). 

Oxalantin, Leucoturic Acid, C,H,N40f, is obtained by the reduction of 
parabanic acid. 

Alloxantin, C 0 (NHC 0 ‘^C( 0 ^^^“*' 3 ^*^ obtained (i) by reducing 

alloxan with SnClj, zinc and hydrochloric acid, or HaS in the cold ; (2) by 
mixing solutions of alloxan and dialuric acid ; (3) from uric acid and dilute 
nitric acid (A. 147 , 367) ; (4) from convicin, a substance occurring in broad 
beans, Victa faba minor, and in vetches, Vida ^ativa, when they arc 
heated with sulphuric or hydrochloric acid (B. 29 , 2106). It crystallizes 
from hot HjO in small, hard prisms with 3HaO and turns red in an atmo- 
spliere containing ammonia. Its solution has an acid reaction ; ferric chloride 
and ammonia give it a deep blue colour, and barium hydroxide solution 
piodiices a violet precipitT.te, which on boiling is converted into a mixture of 
baiium alloxanate and dialurate. On boiling alloxantin with dilute sulphuric 
acid, it changes into the ammonium salt of Hydurtlic Acid, CgH4N404 + 211 * 0 . 
It combines with cyanamidc, forming Isouric Acid, NC.NlICH(CONH)*CO, which 
yicldb uric acid when boiled with hydrochloric acid, and y-thiopseudouric acid, 
HjN.CS.NHCH(CONH)aCO, when heated with ammonium sulphide (B. 88, 

2563)* 

Tetramethyl Alloxantin, Amalic Acid, Cg(CHa)4N40„ is fomed by 
action of nitric acid or chlorine water on theine, or, better, by the reduction 
of dimctijyl alloxan (see above) with hydrogen sulphide (A. 215 , 258). 

Purpuric Acid, CglIgNgOj, is prepared from murexide (the salt of this 
acid) by passing hydrochloric acid gas into its solution in glacial acetic acid. 
It is an orange-red powder, which is immediately decomposed into alloxan and 
uramil by the action of water (J. pr. Ch. [2] 78 , 463)- 

Murexide, CgH4Ng06(NH4)+Hg0 (structural formula, see below), is the 
ammonium salt of purpuric acid. It is formed (i ) from alloxantin and ammonium 
acetate and carbonate when they are heated ; (2) by mixing alloxan and uramil 
in ammoniacal solution ; (3) by careful oxidation of uric acid with dilute ni^c 
acid (see above. Alloxantin) and adding ammonia to the residue on evaporation 
{murexide reaction, C. 1898, I. 665 ; A. 338 , 28). It forms tables or prisms of 
a gold-green colour, which dissolve in water to a purple-red coloured solution. 
Sodium Purpurate, CgHgNgOgNa+HgO, is formed from murexide and sodium 
chloride ; potassium purpurate also from the di-potassium salt of uramil and 
iodine. 

Hydrochloric acid decomposes murexide partially into uramil and alloxan, 
and partly into ammonia and alloxantin. 1,3-Dimethyl uramil and alloaom, also 
1,3-mmethyl alloxan and uramil, give two difierent murexidee, showing that 
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ihe molacule is an unsymmeti'ical one. 5- Alkyl uramils (p. 578) do not yield a 
murexide ; 7-alkyl uramils lose alcohol and form salts of a simple purpuric acid ; 
therefore^ purpuric acid is considered to be SkCi-harhituryl tmtdoalloMan, and 
murexide, tiie ammonium salt to have the formula ; 

/NH.CO.C— N*C(CONH),CO 
co( II 

\nh C.ONH4 

(A. 833 , 22 ; C. 1904, II. 316 ; J- pr. Ch. [2] 73 , 499). 

NH-.CO 

Uric Acid, C5H4N40a.C0 G— NHv is a white, crystalline, 

>CO 

NH— C— NH'^ 

sandy powder, discovered by Scheele in 1776, in urinary calculi. It 
occurs in the fluids of the muscles, in the blood and in the urine, 
especially of the carnivorae, whilst that of the herbivorae contains 
mostly hippuric acid ;• also, in the excrements of birds (guano), reptiles, 
and insects. When urine is exposed for a while to the air, uric acid 
separates ; this also occurs in the organism (formation of gravel and 
joint concretions) in certain abnormal conditions. 

History (B. 82 , 435 ). — Liebtg and Wohler (1826) showed that numerous deriva- 
tives could be obtained from unc acid. Their relationships and constitution 
were chiefly explained by Baeyer in 1863 and 1804. In consequence of certain 
experiments of A. Strecker, Midicus (1875) proposed the structural formula 
given above for the acid. This was conclusively proved by E. Fischer in his 
investigation of the methylated uric acids. 

The results derived from analysis were confirmed by the s5mthesis 
made in 1888 by R. Behrend and O. Roosen, who proceeded from 
acetoacetic ester and urea (p. 585). Horbaezewski (1882-1887) had 
previously made syntheses ot uric acid at elevated temperatures, but 
obtained poor yields. They consisted in melting together gljxocoll, 
trichlorolactamide, etc., with urea. No clue as to the constitution of 
the acid could be deduced from these. In 1895 E. Fischer and Lorenz 
Ach showed how pseudounc acid (p. 578), previously synthesized 
by A. Baeyer, could, by fusion with oxalic acid, be converted into 
uric acid. * 

Preparation. — Uric acid is best prepared from guano or the 
excrem^ts of reptiles. 

Properties. — ^Uric acid is a shining, white powder. It is odourless 
and tasteless, insoluble m alcohol and ether, and dissolves with 
difficulty in water ; i part requires 88,000 parts of water at 18® (C. 
1900, II. 42) for its solution, and 1800 parts at 100°. Its solution 
remains long supersaturated. Its solubility is increased by the 
presence of salts like sodium phosphate and borate. Water precipi- 
tates it from its solution in concentrated sulphuric acid (B. 84, 263) 
On evaporating uric acid to dryness with nitric acid, a yellow residue is 
obtained, which assumes a purple-red colour if moistened with ammonia, ^ 
or violet with potassium or sodium hydroxides (murexide reaction 
p. s8o). When heated, uric acid decomposes into NHs, CO2, urea and 
cyanuric acid. The action of cliloride and oxychlonde of phospboms 
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on uric acid and alkyl uric acids is of special importance in the chemistxy 
of the uric acid group. The reaction is Comparable to the conversion 
of acid amides into imidochlorides. The resulting compounds are 
highly reactive, whereby the chlorine can be exchanged for alkoxyl, 
hydroxyl, hydrosulphyl, the amino-group, iodine, and sometimes also 
hydrogen. The inter-connection between the members of the uric 
acid group can be elucidated by these chemical changes (B. 
82 , 445). 

Carbon disulphide, when heated under pressure with uric acid, 

NH.CO.CNHn. 

forms with it Thwxanthine | || ^SH, which also results when 

CO.NHC— 

y-thiopseudouric acid (p. 580) is boiled with mineral acids (C. 
1902, I. 548 ; B. 34 , 2563). Wlien heated with ammonium sulphide 
urea is converted into Ihiouramil (p. 578). Electrolytic reduction in 

.Nn.CH,.CH.NHv 

sulphuric acid solution produces Purone CO<r. | >CO (?) 

\NH CH.NH^ 


a neutral body, together with the isomeric isopurone, soluble in alkalis 
and acids, which can also be produced bv the translormation of purone, 
and also tctrahydrouric acid, C5H8N4O3. Similar products are also 
obtained from the methylated uric acids (below) (B. 34 , 258). Form- 
aldehyde unites with uric acid to form mono- and di-formaldehyde uric 
acid (A. 299 , 340). 

Salts , — Uric acid is a weak dibasic acid. It forms hydrogen salts 
with the alkali carbonates. The normal alkali salts are obtained 
by dissolving the acid in potassium or sodium hydroxide. When 
CO2 is conducted through the alkaline solution, the primary salts 
are precipitated. 


T\ie potassium salt, dissolves in 800 parts of water at 20®; the 

sodium and ammonium salts an* more insolnbk ; lilhium salt {Lipowitz) 
is much more soluble (in 30S parts of water at 10°) (A. 122 , 241), hence 
lithium mineral waters arc used in such diseases win u llicie is an f xcessivc 
secretion of uric acid. Thi-a salt is, however, greatly suiims « d by the piperazine 

salt, C 5 ii 4 N 40 a.NU<^^^*‘^j^ 2 ^N[I (Finzelberg), which dissolves in 50 parts 

of water at 17® (B. 23 , 3718). The Ivsidine or the methyl glyoxahdine salt (Laden- 
burg) is evi n more soluble (one part in 6 parts of water ; H. 27 , 2952).. 

Methyl Uric Acids (B. 32 , 2721 ; A. 309 , 200). — The four hydrogen atoms 
in uric acid can be replaced by methyl. In all mi thyl uric acids, including 
tetramethyl luic acid, the methyl groups are linked to nitrogen ; this', in con- 
junction with the decompositions and synthesis of uric acid, argues for formula I., 
without, however, in the light of our present representations, excluding formula: 
such as II. (comp, below, the isomeric 3-methyl uric acids) : 

Nil— CO 

I I 

I. CO O— NHv. 

I .1 /CO 

NH— C— NR/ 


N=-C.OH 

I I 

II. IIO.C c- NH 

II II 

N C 




C.OH. 


To indicate the position of the methyl groups in the methyl uric acids and 
the constitution of other bodies containing the same hetero-twin ring, E. Fischer 
suggested that the carbon and nitrogen atoms of the nucleus contained in uric 
acid and bodies related to it be numbered, and that the hydrogen compound 
of the nucleus, C,N4, which could have two formulae, should be c^led ** puHne ** 
(trom purum and uricum) .* 
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I « 


N 

c 

1 

1 7 

C* 

5C-N 8 

N- 

1 >c 

C-N 

3 

4 9 


N,=CH 

I I 

lie C-NHv 

II II >CH 

N-C N'/ 


N-CH 

I 1 


HC C N, 

N-C-NH'' 

Purine (B. 32, 449)* 


The methyl uric acids are obtained (i) by treatment of lead and potassium 
urates and methyl urates with iodomethane ; (2) from the formaldehyde uric 
acid compound (p. 5H2) by reduction (C. 1900, II. 459) ; {3) from the corresponding 
pseudouric acid (p. 57^^) through loss of water. Whilst formula I. for uric acid 
indicates the possibility of only four isomeric monomethyl uric acids, actually 
SIX are known, as well as six dimethyl uric acids, four trimethyl uric acids and 
one tetramethyl uric acid. 

g-Methyl Uric Acid (j8) and y Methyl Uric Acid (a) are formed from uric acid. 
Tho former yicld-^ alloxan, the latter methyl alloxan, when treated with nitric 
acid : both are converted into glycocoll when heated with hydrochloric acid. 
y-Methvl Uric Acid (y) i^ formed from 7-methyl pseudouric acid (p. 578). h-Methyl 
Uric Acid, prepared from 1,4-dimcthyl uracil (A. 309, 260) and ^-methyl uric 
acid, prepared by methylating uric acid in a weak acetic acid solution are both 
(liffcient liom a-methyl uric acid, although they contain the methyl group in the 
3-position.- i-Methyl Uric Acid (e-) is also formed from monomethyl alloxan 
(B. 32, 2721). The 3-mcthyl uric amides (a, 8, and J) when oxidized with per- 
manganate, give rise to the same a-mothyl allantoin as it obtained from 9-methyl 
uric acid. Similarly, i - and 7-mcthyl uric acid yield the same -methyl allantoin, 
which can be explained by the assumption of the existence of a common, sym- 
metrical intermediate compound (A. 333, 145) : 

coon 

I 

.NH rCO.NH -C: NHs .NH.C.CC -NH 

co( II I ocO< I >COOCO< II I 

\N(CH,).C KH.CO-^ ^N(CH,).C(OH).NH ^NlI.C.N(CH,).CO 




NH- -CH-NH. 




CO ' I Nco 

''N(CH,)(() H,n/ 
a-M(^thyl Allantoin. 


.N(CH,).CH — NHv 
CO< I >co 

^NH CO H,n/ 

^ |S-Methyl Allantoin. 


/N(gn3)c.co.NH 

CO<; II I OCO 

^NH — C.NH.CO ^ " NH 


COOH 

I 

yN(CH3)— C NH 


-C(011).NH 


V vNH.C.CO.N.CHg 

>CO O CO<; II I 

^ \nh.c.nhco 


^,g-Dimeihyl Uric Add (a) is obtained fiom basic load urate and iodomethane. 
1 ,g-i>imeikyl Uric Acid (j9) (B. 17, 1780). i,y Dimethyl Uric Acid (y), is prepared 
from 1, 3-dim ethyl pseudouric acid (p. 578); and from 1,3-dimethyl 4,5-diamino- 
uracil (see also Theophyliin, p. 590). ^,y-Dimethyl Uric Acid (8) islormed from 
7-methyl uric acid (see also Theobromine, p. 5^9)* i»y-D%metkyl Uric Acid is 
produced from 1,7-Dimethyl Uric Acid, i,g-Dimethyl Urtc Acid (B. 32, 4O4). 

l,‘^,y-Trimethyl Uric Acid, prepared from 1,3, 7- trimethyl pseudouric acid (a), 
is identical with hydroxycaffeiiie (B. 30, 507). i,y,g-Tri methyl Uric Acid (a) is 
formed from 7.9-dimethyi uric acid. \,‘^,g~Trimethyl Uric Acid is produced from 
1,3-dimethyl uric acid. i,y,g~Trimethyl Uric Acid (B. 32, 466). 

Tetramethyl Uric Acid is prepared from potassium trimethyl urate and iodo- 
metbane. Isomeric with it is methoxycaffefne, x,^,y-trimethyl 2,6-dioxy-S^fnetkaMy* 
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purine, '^hich is prepared from bromo- or chloro-cafieine by the action ot sodium 
hydroxide in methyl alcohol (B. 32 , 467). , 

Phenyl Uric Acid is prepared from phenyl pseudouric acid (p. 578) (C. Z900, 
I. 80O). 

Purine, C5N4H4, m.p. 216®, is the fundamental compound of the uric acid 
group (p. 583). It cannot be obtained directly from uric acid, but is prepared by 
converting uric acid by POCl* (p. 5^ i ) into tnchloropurine, which, with hydriodic 
acid at o^, gives 2,6~dtodopurine ; this, on reduction with zinc dust and water 
results in purine. 

Purine, like uric acid, can also be synthesized as follows: — synthetic 
methyl uracil is converted into 5-nitrouracil (p. 585); this, with POClg, yields 
2,4-dichloro-5-nitropyrimidinc (i), which with ammonia gives 2 chloro-4-amino>5- 
nitropyrimidine (2) ; reduction with hydriodic acid gives 4,5-diaminopyrimi- 
dine (3), of which the formyl-derivative (4), obtained by the action of formic 
acid, is decomposed when heated with water, when purine is formed : 


NH— CO N-C.Cl 

do i— NH. — >dci O— NH. 

I II \cO n II 


N— Cl 


NH— C.NH / 
Uric Acid. 


n II 

N— C N 

Tnchloropuxine. 



NHv 

N— C — N-^ 

Diiodopurine. 


Purine, 


N«CH 
(I) I I 
CIC C NO,- 

II il 
N— €CI 


(2) 


N=CH 

, I I 

CIC CNO, - 

II n 

N— C.NH, 


(3) 


N-=CH 

. I I 

lie CNH,- 

II II 

N==CNH, 


(4) 


N=ai 


HC CNH.CHO 

II li 

N— CNH, 


Purine reacts simultaneously as an acid and as a strong base. It is easily soluble 
in water, and is stable towards oxidizing agents. 

Methyl Purines and other simple purine derivatives are obtained similarly 
(B. 31 , 2550 ; 39 , 230). 


. OXIDATION OF URIC ACID 

Mesoxalyl urea or alloxan and oxalyl urea or parabanic acid 
are produced when uric acid is oxidized with nitric acid. When 
the acid is carefully oxidized either with cold nitric acid or with 
potassium chlorate and hydrochloric acid, it 5delds mesoxajyl urea 
and urea. Allantoin is produced when potassium permanganate, or 
iodine in potassium hydroxide, acts on the acid (B. 27, R. 902). 
Hydrogen peroxide converts sodium urate into tetracaYbonimide, 
C4H4N4O4, a weak tetrabasic acid (B. 34, 4130). When air or potas- 
sium permanganate acts on the alkaline solution of uric acid (B. 27 , 
R. 887 ; 28 , R. 474), allantoin is formed together with uroxanic acid, 
diureidomalonic acid, C5HgN4O0=(NH2CONH)2C(COOH)2 (?) (comp. 
A. 888, 151). From this alkali produces oxonic add, aminohydaf^ 

CO.NH.C[NH,]COOH 

Mn carboxylic add, (?). For the 

course of these oxidation reactions compare the scheme of oxida- 
tion of the methyl uric and to the methyl allantoms (p. 583), and of 
methyl uracil (p. 574). These reactions suggest the following diagram, 



<V>lTlTIf€5T‘5 TTPTr. Ar 


5«5 


in which the breaking-down of alloxan and parabanic add is con- 
sidered : • 


ra- 


tio d— NH 

I* 


\ 

H— C— N1 

Une Acid. 


C.H,N,0, 

Urosanic A 

CgHgNgO* 
Oiouc AddL 


NH CH NH, 


I I >cx> 

CO CO.] “ 


AiliBtoia. 


— > 


I 


NH— CO 

do 1:0 

I I 

NH— CO 


NH, CO,t 

I I 
CO CO 



Nil- > 

I NH— CO 

I Parabaa c 

I j- - 

1 ' I 

NH, CO. 

Or 


NH— CO— NH 
leiracarbonimuM. 


Uric acid is the diurcide of the h5rpothetical body, CO=C(OH). 
COgH, or C(0H)2=C(0H)— CO2H, the pseudo-form of the half 
aldehyde of mesoxalic acid, CHO CO CO2H, (p. 545). ♦ 


SYNTHESIS OF URIC ACID* (l) FROM ACETOACETIC ESTER: (2) FROl 
MALONIC ACID : (3) CYANACETYL UREA 

(z ) From Acetoaeetie Ester : (i ) Acetoacetic ester and urea unite to p^urarntdo 
cfotomc ester When this is hydrolyzed with alkali it yields an acid which, in i 
free state, splits off water and becomes a cyclic ureide — methyl uracyl (2) Nitru 
acid converts the latter into mtr our acyl carboxylic acid, (3) whose potassium sal 
when boiled with water loses a molecule of carbon dioxide, and becomes convertec 
into the potassium salt of mlrouracyl (4) The reduction of the latter with tii 
and hydrochloric acid gives in part aminouracyl (A 309, 256) and in part hydroxy 
uracyl or isobarbitunc acid. (5) Bromine water oxidizes the latter to isodialun^ 
%cid, which when heated (6) with urea and sulphuric acid yields uric acid (A 251 
235). 


CO,C,H, 
CH, « 
codti, 

Acc toA^tic 
I ster. 


NHCO 
> CO CH 

I II 

NH C CH, 

MaIKwI fTra/*vl 


NH— C— CO 
> CO C— NO, 

I II 

NH,-C— COjt 


[—CO 

CO C— NO, 
NH— CH 


uw /muAu 


NH-CO 




NH— CH 

Aminouracyl 


NH— CO 


NH— CH 

Hydroryuricyl 

(Isobarbitunc 


NH— CO 


(^NH, ► do C- OF • CO 

■ ... I 


Nil 


C(OH), 


(6) I 
- CO 


NH— C OH 


C— NHv, 

I |j 

NH r- NF 


(a) From Malonie Acid : (i) Urea and malonic acid yield malonyl urw, 
which (2) nitrous acid converts into oximidomesoxalyl urea or violunc 
(3) When the latter is reduced, axmdomalonyl urea or uramil results (4) This 
is changed b]r^tassium cyanate into pseudouric acid. (5) On withdrawing watef 
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from pspiulouric acid by means of molten oxalic acid or boiling hydrochloric acid, 
uric acid results (13. 30> 559 ) : , 


CO,H 


NH.CO 


NH.CO 

CH, 

( 1 ) 

CO cn, - 

1 1 

(*) 

>- CO CrN.OH 

CO,H 

Malonic Acid. 


I i 

NH.CO 

Ifdlonyl Urea. 


1 1 

NH.CO 

Oximidomf'sozalyl 


^ 

NIl.CO 

I I 

CO CHNH, 
NH.CO 

Uramil. 


Nil C'O Nii.ro 

('() CHNH.CONH, ^ CO C.NHv 

I I 


xn.co 

1’M‘uiloiiric Arid. 


;co. 

NH.C.NIl' 

Uiu: Acid. 


Since alloxan and dimethyl alloxan yield methylated pseudouric acids, methy- 
lated uric acidt, cdii aKo be synthesized in this way. ^ 

(3) From Cyaiiacotvl Urea: Urea and cyanacetic acid arc condensed to (i) 
cyanacetyl urea, and this to (2) 4-aminouracil or 4-amino-2,6-dioxypyrimidinc 
(C. iQofi, II. 1500 : li. 41 , 532). This, with nitrous acid, gives (3) a nitroso-com- 
poiind whi(h, with ammonium sulphide, is reduced to (4) 4,5-diaminouracil. 
The diamine u-.'cts with chlorocarbonic ester and aqufous sodium hydroxide to 
form (5) a methane, the sodium compound of which when heated to 180-190® is 


converted into (0) sodium urate (W. Trauhe, B. 38, 3035 ; 

.33I,tn): 

NH— CO 

1 1 (I) 

CO CH, 

NH— CO 

1 1 (2) 

CO CH > 

NH— CO 

1 1 

CO C.NO 

1 1 

1 il 

1 II 

NH, ( N 

Cyanaiciyl Uioa. 

NH— C.NH, 

4 -Anuiiour.i( il. 

NH— C.NH, 

NH— CO 

NH— CO 

NH— CO 

1 1 (5) 

1 1 (4) 

1 II 

CO CNIK 

CO C.NIICO.R ■< 

CO C.NH, 

1 1 >co 

1 II 

1 l| 

NH— CNII^ 

Uric Acid. 

NH— C.NH, 

NH- -C.NH, 

4 ,S-l>iumtiouracil. 


This synthesis can be generally employed, with the folio vMng modifications : — 

(1) Keplaccment of the urea by methylated ureas in the condensation with 
cyanacetic acid to obtain methylated uric acids. 

(2) Replacement of the chlorocarbonic ester by formic acid ; formyl diamino- 
uracil is formed, the sodium compound of which, on being heated, yielH xanthine 
or methylated xanthines (p. 587). 

(3) Condensation of guanidine, instead of urea, with cyanacetic acid to form 
2,4,6-diamino-oxypyiimidine ; this is ultimately transformed into guanine (p. 587). 

(4) Condensation of cyanacetic acid with thiourea to form 2-thio-4-amino- 
6-oxypyrimidine. I'his is converted intothio-oxypurine which, when oxidized by 
nitric acid, yields sulphuric acid and hypoxanthine (p. 588). 

(5) Condensation of malonic nitrile wdtJi thiourea to form 2 -thio-4, 6-diamino- 
pyrimidine (b low), which, aucdogously to the above, is convutod through its 
nitrous compound into 2-tliio-4,5,6-triaminopyrimidinc (2), of \\ Jiich the potassium 
salt of the formyl-compound, when heated yields 2-thio-6-aminopurine (3) ; oxida- 
tion with PljOs produces sulphuric acid and adenine (4): 


(I) HSi 


N=CNH, 

<1 i 


N--C.NH, 


N=CNH, N— CNH, 

II II 

(2) HSC CNH,-> (3) HSC CNH v 

II II II II 

N— CNH, N— C— 

Thioaminopurine. 


N=C.NH, 

->“(4)HC OWIv 

II II >CH 

N— C— 

Adeniae. 



CONVERSION OF URIC ACID INTO XANTHINE 587 


Xanthine Group. — Guanine, xanthine, hypoxanthine, and adenine stand in 
close relation to uric acid. Likejit, they occur as products of the metabolism of the 
animal organism, and are most*easily produced from nucieinic acids (p. 575) by 
boiling them with water (comp. 13. 37, 708). Xanthine and hypoxanthine occur 
in the extract of tea. Bodies of the xanthine group are found in the juice of the 
sugar beet (B. 29 , 2643). 


HN— CO 

I I 

CO O-Nft 


\ 


HN— C N"' 

Xauthine. 

HN— CO 

I I 

CH C— NH. 

.. .. 

N— C- N 

Hypoxanthme. 


CH 


HN— CO 

I I 

HN:C C— NH. 

I II 

HN— C N’ 

Guanine. 

HN— C:NH 

I I 

CH C— NHs 

II ii 
N— C - 

Adenine. 


Guanine is chan^ei^ into xanthine by the action of nitrous acid and yields 
guanidine on decomposition (p. 455). It is, thorefore, to be regarded as being 
xanthine in which a guanidim* residue takes the place of a urea residue, i.e. the 
oxygen ot a CO-gioup is replaced by NIL Adenine stands in similar relation to 
hypoxanthine as guai.inc to xanthine, in that its conversion into hypoxanthine 
is brought about by nitrous acid. 


'( CONVERSION OF URIC ACID INTO XANTHINE, GUANINB, 
HYPOXANTHINE AND ADENINE 


Potassium urate and phosphorus oxychloride produce S-oxy-2, S-dichloropurine, 
which on further treatment with phosphorus oxychloride yields 2, 6, S^trichloro- 
purtne, m.p. 1S8®. The latter is a weak acid, and gives, on methylation, a 
mixture of the two isomeric forms of methyl trichloropurine. 


NH— CO 

I I 

CO C— NH^ 

I II 

NH -C— Nil 

Vno AoM. 


(I) 


>co 


N=C.C1 
^C.Cl r— NH 


N=»CC1 

(a) I I 
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N=CNH 

I I « 

CCIC— Np, 

N— C — N 
Diddoroadeuiue. 




II ">CO 

N— i xMl^ 
8-Oxy-2 0 I’l hloiopurine. 


^ C.Cl C -NH 


M M ;.cci 

N (• 

TiifliU 1 ' I 'HI ic 

I 1 1 (qL. 


Y (5) 

NII-CO 


(7) 


CCl c Nil HjNC 
II 11 ^,CC1 II 


NH— CO 
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C— NH. 


N=COC,H» 


N C N 

Dichlorohy po xan thine. 


CjHsOC C— NH 

;ca ;a 

N C N^ N-C N' 

Cbloroguamne. 


VU) 

N*CNH, 

iHC— NH 

U N ^ 




fl,6-DiCthoxy' 8-chloio- 
punne( m.p. ao9”). 


NH— CO 
(!h (l-NH 

N C N"'^ 




NH— CO 

I I 

Ha^.C C— NH 


1(1 


II II > 

N— C W 


Vh 


('( 10 ) 

NH— CO 

CO <5- NB,. 

JCB 

NH— C — 


Srpoxulhlnt. Sunlna. Xxmhia*. 

The chlorine atoms 2 and 6 are easily substituted in the presence of alkalis by 
OH, CiHjO, and NH| ; but in the 8-position the chlorine atom can be replaced by 
fuming hydrochloric acid, but not by alkalis. On this behaviour is based the 
synthesia of xanthine, guanine, hypoxanthine and adenine (B. 80 , 2220, 2226). 
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Uric acid is (z) acted on by POClj to form B^oMy-z.^ichloroputine, and is 
similar!^ (2) converted into irichloropurine. The latter, with aqueous ammonia 
at 100^ gives (3) dichlor adenine, with aqueous KOH at 'loo** (5) dichlorohypo- 
xanthine, and with sodium ethoxide (9), 2,6~diinethoxy'‘^-chloropurine, These 
three substances, when reduced with hydriodic acid yield (4) adenine, (6) hypo^ 
xanthine, and (10) xanthine. Further, dichlorohypoxantliinc and alcoholic 
ammonia (7) yield chloroguanine, and this, with hydriodic acid. (8) guanine. 

For the synthetic preparation of these four substances see p. 586, scheme 3, 
for the synthesis of uric acid . 

Xan&ine and the methylated xanthines (p. 589) are reduced electrolytically 
in sulphuric acid solution, whereby the oxygen atom in position 6 is replaced by 
two hydrogen atoms to form the desoxy-compound, which easily loses two hydrogen 
atoms by oxidation to form oxypuvine. Similarly, guanine yields desoxyguanine 
and this 7,^aminopurine, similarly with adenine {Tafel, B. 33 » 3369 ; 84 , 1165) : 


NH.CO.C.NHv 

I II >CH 
CO.NH.C— 

Xanthine. 


NH.CHj|.C.NHv 

I II 

CO.NH.C— 

Desozyzanthine. 


N:CH--C.NHv 
I II >CH 

CO.NH.C— 

2-OxypuTi:ie (isomeric with 
Hypoxanthine). 


Desoxyxanihine, desoxyheteroxanthine, and desoxyparaxanthine are decomposed 
by acids into CO^, NHg and amino-methyl-imidazolone : 


NK.CO.C.NRv 
! !! >CH 

CO.NH.G— 


zliiO NUR.CO.CH.NRv 

^ I ^rH+COg+NH,; 

CO— 


whilst desoxy theophylline and desoxycaffetne, xanthines, in which the methyl 
group occupies the 3-position, are far more stable (B. 41 , 2546). 

Xanthine, 2, 6-Dioxy purine, CgNgHgOg (constitutional formula, above), occurs 
in small quantities in animal secretions, such as urine, blood, the liver, and some- 
times in urina^ calculi ; it is found, also, in extract of tea. It is prepared by 
the action of nitrous acid on guanine in sulphuric acid solution (B. 32 , 468) ; also, 
by heating the sodium salt of formyl-4, 5-diaminouracil (p. 580) to 220®. It 
forms a white amorphous mass, which is somewhat soluble in boiling water, and 
combines with both acids and alkalis. It dissolves easily in boiling ammonia, from 
a solution in which silver nitrate precipitates a compound. CjHjAgjNgOg+HaO. 
The corresponding lead compound is converted into theobromine (dimethyl 
xanthine) when heated with iodomethane at 100®. Methylation in alkaline 
aqueous solutions produces caffeine. When heated with potassium chlorate and 
hydrochio. m .cid. xanthine (analogously to caffeine, p. is broken down into 
alloXcLii and urea. 

CO.NH.C.NHv 

S-Thioxanthine, | || /SC, is formed when y-thiopseudouric add 

NII.CO.C.NH^ 

(p. 579) is heated ; and fro u 4, 5-diaminouracil (p. 586), and carbon disulphide 
(C. 1903, II. 80). 

Guanh;^. 2- Amino-6-oxy purine, CgN^IIgO (constitutional formula, p*. 587), 
occurs in the pancreas of some animals, and particularly in guano ; also in the 
silvery mutter of the scales of bleak (connected with the d\icc), A Iburnus luoiiUes 
(C. 1898, I. XI 32). It is readily synthesized by converting cyanacetyl guanidihe 

^NH.CO.C.NHg 

(p. 586) into triamino- oxypyrimidine^ HgN.C^ || . and heating this 

CNII, 

with formic acid (B. 33 , 1371). 

Guanine forms an amorphous powder, insoluble in water, alcohol and ether. 
It combines with one and two equivalents of acids forming crystalline salts, such 
as CjH^NgO.aHCl ; and also with alkalis to form crystalline compounds. Silver 
nitrate precipitates a crystalline compound, CiH^NjO-AgNO,. from a nitric add 
solution of the substance. Nitrous acid converts guanine into xanthine. Potas- 
sium chloride and hydrochloric acid decompose it into parabanic acid, guanidine 
ami carbon dioxid^' (p. 455)* 

itromoguuntne is formed from guanine and bromine. Fuming hydrochloric 



CONVERSION 6F uric ACID INTO ADENINE 589 

add converts it into a^AminoS^S-dioxypurine. CMorpguanine is prepared Itom 
,dichlorohypoxantiiine.and alcoholic ammonia. With hydriodic acid it yields 
guanine. 

Hypoxanthlne, 6-Oxypurine, (constitutional formula p. 587) almost 

invariably accompanies xantbmc in the animal o' ganism, and can be differentiated 
from it particularly by the slight solubi lity of its jiydrochloridc. It forms needles, 
soluble with difficulty in water, but soluble in acids and alkalis, and in ammonia cal 
solution is precipitated by silver nitrate which forms CBHsAgaN40+HtO. jD«- 
methyl Hypoxanthine is decomposed when heated with hydrochloric acid into 
methylamine and sarcosine (p. 387) ( 13 . 26 , 1914). The position of the oxygen 
atom is dct^iminod by the transformation of adenine into hypoxtintlunc by 
nitrous acid ; also by its formation from the decomposition of the synthetic 
.NH.CO.C.NHv 

2-thio-O-oxvpuiine HSC^ || ^CH. 

C— 

Adenine, CbN^Hb (constitutional formula, p. 587). m.p. 360- 

30S® with decomposition (B. 30 , 2242), is a polymer of hydrocyanic acid. 
It is obtained fioni the pancreas ot cattle, and occurs in extract of tea. It 
crystallizes wita 3 molecules of water in mother-of-pearl ciystals, wdiich lose water 
at 54® and turn white,* Nitrous acid converts it into hypoxanthine ; hydrochloric 
acid at 180-220® into glycocoli, ammonia, formic acid and carbon dioxide 
(Kossel, B. 23 , 225 ; 26 , 1914). The position of the amino-group is fixed by 
the connection of adenine with ^-amino-Zt^-dioxypunne through dichloradcnine ; 
fuming hydrochloiicacid converts dichloradcnine into 6-amino-2,8-dioxypurine, 
which on decomposition does not yield guanidine, showing that the amino- 
group must be in tlie 0-position and not in the 2 or 8. 

Synthesis of adenine from 2-thio-4,5,6-triaminopyrimidine (p. 587). The 
analogous foimation of purine derivatives still richer in nitrogen, such as 2-amino~ 
adenine, C5N4TTa(NHt)a, from malonic nitrile, guanidine, etc., see B. 37 , 4544. 

Heteroxanihine, Theobromine, Paraxanthlne, Theophylline, Thelne (or Caffeine), 
are all taethyl derivatives of xanthine. 

Heteroxanthine, 7-Methyl Xanthine, CbHbN 40[7](CH3), occursinsmallquantities 
in urine, and is formed from theobromine by the loss of methyl. By methylation 
it is converted into caffeine ; hydrochloric acid decompose it into sarcosine 
(B. 32 , 469). Electrolytic reduction produces desoxyheteroxanthine, which on 
oxidation forms y-methyl-2-oxypurine (comp. p. 588). The isomeric ymethyl 
xanthine is prepared from ^-methyl uric acid (p. 583), and also from cyanacetyl 
methyl urea, CN.CH2CO.NHCONH.CH,, as shown in diagram 3 of the uric acid 
synthesis (p. 586). 

Theobromine, ^,7-Dimethyl Xanthine, C5HaN402[3,7](CHa), occurs in the cocoa 
beans of Theobroma cacao ; it is artificially prepared by methylating xanthine 
(p. 588) or 3-methyl xanthine (B. 83 , 3050). % 

Theobromine forms a bitter-tasting crystalline powder, slightly soluble in hot 
water and alcohol, but is fairly easily soluble in ammonia. It sublimes unchanged 
when^refully heated at 290®. Its reaction is neutral, but it forms crystalline 
salts with acids, which are decomposed by excess of water. Its silver salt, 
C7H,AgN40,, and iodomethane produces caffeine. Electrolytic reduction pro- 
duces desoxy theobromine, which on oxidation yields 3,7-dimethyl-2-oxypurinc 
(comp. p. 5S8). Theobromine on oxidation is converted into oxy-3, 7-dimethyl 
uric acid (B. 81 , X450) ; potassium chlorate and hydrochloric acid decompose it 
into monoethyl alloxan and monomethyl urea. The action of dry chlorine on 
theobromine (B. 30 , 2604). 

Theobromic Acid, 

Pseudotheobromine is formed from the silver xanthine compound and iodo- 
methane (C. 1898. 1. 1132). 

Paraxanthlne, 1,7-Dimethyl Xanthine, JOg[i,7](Clig)g, m.p. 289®, occure’^^l 
in urine (B. 18 , 3406). It is prepared from theobromme by the removal of J 
methyl and its replacement in another position (see below for synthesis). It is 
obtained from 1,7-dimcthyl uric acid, as theobromine is from the 3,7-compoand 
(B. 32 , 471). Methylation produces caffeine (B. 80 , 554). 
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SYNTHESIS OF HETEROXANTHINE, THEOBROMINE, AND PARAXANTHINE 


7-Mcthyl pseudouric acid yields 7-incthyl uric acid, which by methylation 
gives 3,7 -dimethyl uric acid. POCl, converts (i) 3.7-dimethyl uric acid into 
chlorothcobromine, which is reduced (2) by hydriodic acid to theobromine, 
and which is formed from theobromine (3) by iodine chloride. 

When theobromine is heated with POCla and PCI, (4) it loses a methyl group 
and forms 7-methyl 2,6-dichloiopurine which with hot fuminj? hydrochloric acid 
gives heteroxanthine. If 7-mctliyl-2,6-dichloropurinc is boiled with dilute aqueous 
sodium hydroxide, it is converted into 7-methyl-6-oxy-2-cliloropurine. If the 
potassium salt of this body i'^ methylated (7), there is formed i, 7-dimethyl-6-oxy- 
2-chloropurine from which hot fuming hydrochloric acid produces (8) paraxanthine 
(B. 32 , 469). 


NH— CO 
I T CH, 
CO C— N<" 

I II ^CO 
CHjN- C— NH 
3-7- Dimethyl Unc Acid. 


(i) 


NH- CO 


CH. 


(3) 


-> CO C— N<' _ 
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CH3N — C— N 

Chlorothcobromine. 

( 6 ) 
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J I CH3 (7) 
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NH— CO N_ CCI 

I I CH, (4) I I CH 
CO C--N< — ^ CCI C— N<r 

I II II II ^H 

CH3N C— N i N C— N^ 

Theobromln*. 7 Methyl- 2,6-cli- 

chlofojjurinc (m.p. 200). 

Y 

C HjN CO NH— CO 


(5) 


II CH 
CO C— N^" 

I II ^>'CH 

NH— C— N 


CH, 

CO C— N<r 

I n >CH 

NH— C- N 


7-Mclhyl () oiv- 1,7-Dimc thyl-6- 

2'Chloi opunne. oxy- 2 -chloropurine. 


HeteroxAnihlBa 

(m.p. 380®). 


The constitution ol 7-methyl-6-oxy-2-chloropurine is so assigned, because its 
reaction product with ammonia gives guanidine when oxidized with chlorine, so 
that it must be 7-methyl-t)-oxy-2-aminopurine. This establishes the constitution 
of hctcroxanthme. 

The product of methylating 7-methyl-6-oxy-2-chloropuiine can only have 
the second methyl group in the i -position, whereby the 1,7-position of the methyl 
group in paraxanthine is determined. 

Theophylline, \ ,yDimethyl Xanthine, m p. 264®, was discovered in t888 by 
iiCos^f/in tea extract. By the action of luelhyl ioilide on silver theophylline he 
obtained caffeine (B 21,2164). Theo hyl'inc has been synlheiically prepared 
from 1,3- or y-climethyl uric acid by its cimversion with I 'Clg into chlorotheo- 
phylline, m.p. 300° with decomposition ; hydriodic acid reduces it to theophylline 
(£. Fischer, B. 30, 553). A shorter synthesis is from cyanacctyl dimethyl urea, 
CN.CH,.C0N(CH3)C0NH.CH3, in which, following diagram 3 of the uric acid 
synthesis (p. 51^6), this body is converted into; 1,3-dimcthyl 4,5-diaminouracil, 
of which Ihe formyl-compound (2) is converted into theophylline when warmed 
with alkalis (B. 33, 3052 ; C. 1903. I. 370). 


CH,N— CO 

09 .9-nh 

CH,N— C 


CH,N— CO 
OC C— 
CH,N-C 


(a) 


CH,N— CO 

OC CNH.CHO 
CH,N— C.NH, 


Cafte'ino, Cofleine, Theine. 1.3, 7- TrimrfAy/ Xanihine, CjH^^NiO,. m.p. 239*, 
occurs in the leaves and beans of the coffee tree (0-5 per cent.), in tea (2-4 per cent.), 
in Paraguay tea (from Ilex paraguayensis), in guarana (about 5 per cent.), the 
roasted pulp of the fruit of Pauliima sorbilis, and in the Kola nuts (3 percent.). 
It is also found in minute quantities in cocoa. It is used in medicine as a nerve 
stimulant. 

Caffeine crystallizes with one molecule of water. It has a feeble bitter taste, 
and forms salte with the strong mineral acids, which are readily decomposed by 
water. On evaporating a solution of chlorine water containing traces of caffeine 
there remains a reddish-brown spot, which acquires a beautiful violet-red colour 
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when dissolved in aqueous ammonia. See also sarcosine (p. 387). Electrolytic 
reduction converts cafieihc into 4)esoxy caffeine (comp. p. 588). 

Sodium hydroxide converts theine into caffeidine carboxylic acid, C7H11N4O.- 
COgH, which readily decomposes into COg and caffeidine, C7H1 gNgO (B. 16 , 2309). 
For other caffeine derivatives (apocaffeine, caffurtc acid, caffolin) see A. 215 , 261, 
and 228 , 141. 

Chlorine water breaks caffeine up into dimethyl alloxan and methyl urea 
(p. 579). Chlorine and bromine convert caffeine into Chlorocaffeine, m.p. 180®, 
and Bromocaffeine, m.p. 206°. Zinc 'dust reduces both of them to caffeine ; 
ammonia and bromocatteinc produce aminocaffeine, which behaves like an aromatic 
amine iVol. II.) in so far that it yields diazocaffeine with nitrous acid, which can 
be coupled to form caffeine diazo- bodies (C. 1900, 1. 407). Sodium methoxide 
converts chlorocaffeine into methoxy caffeine, m.p. 174®, which when heated to 
200® is converted into tctramethyl uric acid (B. 35 , 1991). The latter is decom- 
posed by hydrochloric acid into chlotomethane and hydroxy caffeine, m.p. 345®. 
This is identical with i,^,y-trim€thyl uric acid, PClg converts hydroxycalteine 
into chlorocaffeine. Proceeding from dimethyl alloxan, 1,3,7‘trimethyl uric 
acid may be synthetically made (p. 586), and from this caffeine through rhloro- 
caffeine. Furthermore, the lower homologues of caffeine — theobromine and 
theophylline — can be synthesized, and by introducing methyl into them caffeine 
will result. This, then, is an additional synthesis of caffeine {E, Fischer, B. 30 , 

549). 

Finally, caffeine can be produced from the already synthesized r,3-dimethyl- 
4,5-diaminouraci] (see above, theophylline) by preparing the formyl compound, 
methylating it (below) and heating the product (B. 33 , 3054) : 


CHgN— CO 
CO 

, I II 

CH,N— C— N 
Chloror^iffcMHc, from 1.3,7- 
Trimethyl-unc Acid. 



CHgN— CO 

I I PTT 
COC— 

I II 

CHgN— C— N 
Caffeine 



CHgN— C 

I I CH 
COO-N<^"^ 

I II 

Cn,CN C-NH, 


Formyl Metliyl 4,5-diaraino- 
iiS'dimethyl Uracil. 


Just as caffeine can be built up by exhaustive methylation of xanthine and the 
lower methyl xanthines, so these bodies are obtained by the breaking down of 
caffeine. Clilorocaffeine (sec above) treated with chlorine and POCI3 at low tem- 
peratures gives a product m vvliich the 7-mcthyl group is chlorinated, whilst at 
higher tempciatures the ^-methyl group is attacked ; if excess of chlorine be 
employed a tetrachlorocajjiine results, in which all three methyl groups arc 
chlorinated. When boiled with water, these methyl groups are lost m the form of 
formtddehyde, and by reduction hydrogen may be exchanged for the chlorine 
in the a-position (B. 39 , 423) : 


ai,N— CO ClCIIgN— CO 

(!;0 CO c— 

I *11 A ! II 

CH,N— C— N aCH,N— C- 


CCl 


8-Chlorocaffeine. 


Tetrachlorocafleine. 


NH— CO 

. I I 

CO C.NH 


H 


V Xanthine. 




;CC 1 


NH— C— N^ 
8-Cbloroxanthlne. 


fi- Alkyl Xanthines are obtained from the corresponding uric acids by heating 
them with carboxylic anhydiides (C. 1901, II. 71). 

(CH CO 10 NH.CO.C.NHv 
(CHgC 0,)0 I II >CCHg 

^ CO.NH.C.N.^ 

Uric Acid. 8-Metbyl Xanthine. 

The methyl group in these substances is easily chlorinated: S-trichlor(h 
methyl xanthine can be converted into xanthine 8-carboxylic acids, as cap 
^•methyl xanthine S-carboxyltc acid, CgHgN40g[3]CHg[8]C0gH, caffeine ^-carboxylic 
acid, C4H40t[i,3,7](CHg)g[8]C0,H. theobromine S-carboxyltc acid, C,HN40gl3,7]- 
(CHg),[ 8 ]CO,H. The acids lose CO, when boiled with water (C. 1904. H. 625)- 


NH.COC.NHv 
I II >CO 
CO.NH.C.NH/ 
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Catnine, CyHgN40-l-H,0, has been found in meat extracts. It is a powder, 
fairly soluble iu hot water, which forms a crystalline compound with hydrochloric 
acid. Bromine water or nitric acid produces sarcine. 


l8. TRICARBOXYLIC ACIDS 


A. SATUKAIED TRICARBOXYLIC ACIDS 


(a) Ttlcarboxyllo Acids with Two or Three Carboxyls attached to the Same 
Carbon Atom. 

Formation. — (i a) By the action of the halogen fatty-acid esters on the sodium 
compounds of malonic esters, CHNa(COaR')g and alkyl malonic esters, R : CNa- 
(COjR')j — e.g. cliJorocjrbonic ester, chloracetic ester, a-bromopropionic ester, 
a-bromobutyuc ester, fl-btomisobu^nc ester, (i b) The tricarboxylic esters, 
resulting in this \>jv liom sodium malonic ester, still contain a hydrogen of the 
CHj-group of malonic ester, which can be acted on anew with sodium and alkyl 
iovlides. They then yield the same esters which are obtained by starting with 
the monoalkyl malonic esters. 

(2 ) By the addition of sodium malonic esters to unsaturated carboxylic esters, 
fi.g. crotonic t ^ter (B. 24 , 2888 ; C. 1897, I. 28). 

(3) Also, by the gradual saponification of tetracarboxylic esters, containing 
two carboxyl groups attached to the same carbon atom, which split off carbon 
dioxide and yield tricarboxylic esters (B. 16 , 333 ; 23 , 633 ; A. 214 , 58). 

(4) Bv heating; the best adapted ketone-tricarboxylic esters (B. 27 , 797). when 
a loss of CO occurs. 

Like malonic acid, these tricarboxylic acids readily bicak down with the 
elimination of COg, yielding succinic acids, e.g, : 


(CITj)aCCOgH 

I 

cii(('o,n), 

Isobutane aa/3-'l ncai boxy Uc 
Aoid. 


-COj 


> (CH,)gCCO,H 


CIIgCOgH 
aym.-Dimothyl Sucdnle 
Aad. 


For the .saponification of tricarboxylic esters consult 13 . 29 , 1867. 

Formyl Ik, ir (ixvuc Ester. Methane I'rtcatbcxy^ I ter Mnlonic Carhouylic 
FMer. CH(C02Calf5)„ m.p. 29®, bp. 253®, is obtained from sodium malonic 
ester, CHNa(C02C2H,)„ and ethyl cblorocarbonate ( 13 . 21 , R. 531). 

Ml thane Trtcarbozyltc Diphenylamtdine Diethyl Ester. (CgHgOOC)gCH.- 


•H. 

Ot , m.p. 167®, is formed by the combination of sodium malonic ester 

\NHC«Hs 

and carbodiphcnylimide, C(NCflH5)2» (Vol. II.) (B. 82 , 3176). 

Cyanomalonlc Ester, CH(CN)(COgR)f, results from the action of cyanogen 
chloride on sodium malonic ester. It volatilizes without docompositioh under 
greatly reduced pressure. It has a very acid reaction, and decomposes the 
alkali carbonates, forming salts, like CNa(CN)(COgR)a ( 13 . 22 , R. 567 ; C. ZQOX, 

I. 675)- 

Cyanoform, CH(CN)a f CIIaOH (?), m.p. 214®, with decomposition. Sodium 
cyanoform is produced when cyanogen cMoride acts on malonitrile and sodium 
cthoxide (B. 29 , 1171). 

Ethenyl Tricarbozyhc Ester. Ethane Tricarboxylic Ester. Succinic Carboxylic 
Ester, CaH500C.CH2.CH(C0()C,H|),, is obtained from sodium ethyl, b.p. ayS®, 
malonate and the ester of chloracetic acid. Chlorine converts it into Chlorethane 
Tricarboxylic Ester. C,H,Cl(CO,CjH5),. b.p. 290®. When heated with hydro- 
chloric acid, it yields carbon dioxide, hydrochloric acid, alcohol, and fumaric 
acid ; when hydrolyzed with alkalis, carbon dioxide and malic acid are the 
products (A. 214 , 44). 

Methyl a-Cyanosuccinic EsUi, (COj|CHt)CHgCH(CN)CO,CH*, ia obtained 
from methyl cyanacetic ester and chloracetic ester (B. 24 , R. 557)4 
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afi-pieyat^ tropionic Ester, NC.CHaCH{CN)COtC|H5, b.p.|0 169^ is prcmred 
from formaldehyde cyanhydrin and sodium cyanacetic ester, CNCH9OH + 
NaCH(CN)CO,R«CN.CH,CNa(CN)CO,R+H,0. The cyanhydrins of homo- 
logous aldehydes and ketones condense similarly : aP-DtcyantsovcUerie Ester, 
NC.C(CH,),CH(CN)CO,C,H„ b.p.„ 150® ; aP-Dicyanopelargonic Ester, C«HiiCH 
(CN)CH(CN)C0,C,H8, b.p.,0 192® (C. 1906, II. 1562). etc. 

CH,CHC0*C,H8 

Propane aoB-Tncarboxyltc Ester, I , b.p. 270®. 

CH(COjCjHi), 

The free acid (isomeric with tricarballylic acid), m.p. 146®, breaks down into 
carbon dioxide and pyrotartaric acid. 

. CHjCOjR 

Propane aBB-Tricarboxyhc Ester, I , b.p. 273®. 

CH,C(CO*R), 

C,H,CH.C08R 

nm-Butane aaB-Trtcarboxyhc Ester, | , b.p. 278*. 

CHCCOtR). 

CH,CO,R 

n.-Butane apP'Tricarboxyhc Ester, I , b.p. 281®. 

C8H,C(C0,R), 

n.’Buiane aoB-Trtcarioxyhc Ester, (C08R)CIIjCH,CH8CH(C08R),, b.p.48 203® 
(C. 1897, II. 542). 

Isobutane ojafi -Tricarboxylic Ester, (C0,R)C(CH,)8.CH(C08R)8, b.p. 277®. 
(Comp. B. 28, 648). 

VLTisym.-Dtinethyl Cyanosuccimc C08R.CH(CN) C(CH8)8.CO|R, b.p. 186®, 
is formed from sodium cyanacetic ester and bromoisobutyric ester (B. 21 , R. 506 ; 
C. 1899. I. 593. «73)- 

a-Cyanoglutaric Ester (B. 27, R. 506). 

a-Alkyl a-Carboxyl Glutaric Ester (A. 292, 209 ; C. 1897, 28). 

a-Cyano-B -isopropyhglutanc Ester, b.p.ao 195“ (C. 1899, I. 1157). 

fi-Methyi Propane aay -2 rtcatboxyhc Acid, P^M ethyl Glutartc a-Carboxylic Ester, 
(C0aR)aCHCH(CH8)CH8C08R, b.p.fi 165® is formed from sodium malonic ester 
and crotonic ester, and gives, somewhat remarkably, a sodium salt of the con- 
stitution (C02R),CH.CH(CHj)CHNaC0tR, which, with iodomethane yields 
py-Dimethyl Propane aay -Tricarboxylic Ester, (C02R),CHCH(CH,)CH(CHj)C0,R, 
b.p.i 0 167®. This substance is isomeric withaj3-X)tm«/)»>/ Propane aay -Tricarboxylic 
Acid, (CO,R)2C(CH2)CH(CH,)CHjCOjR, b.p.,® 161®, prepared from sodium 
methyl malonic ester and crotonic ester. This substance yields a sodium salt 
which, with iodomethane gives aPy-tnmethyl propane aay-tricarboxylic acid 
(B. 88, 3731)* 

PP‘Dtmethyl a-Carboxyl Glutanc Ester, see j8)3-Dimethyl Glutaric Acid (p. 504). 

Pp-Dimethyl a-Cyanoglutanc Ester (C. 1899, I. 252, 532). 

(b) Tridlarboxylic Acids with the Carboxyl Croups attached to Three 
Carbon •Atoms. There are many members of this class which are 
obtaineQ through loss of CO2 from tetra- and penta-carboxylic acids, 
which possess one or two pairs of C02H-groups attached to the same 
carbon atom (B. 24 , 307, 2889 ; 25 , R. 746 ; C. 1902, 1 , no). 

Tricarballylic Acid, CH2(C02H).CH(C02H).CH2(C02H,), m.p. 162- 
164®, occurs in unripe beetroot, and is found in the deposit in the 
vacuum pans during the msftiufacture of beet sugar. It is prepared 
(i) by reduction of aconitic acid (p. 594) (A. 814 , 15 ; C. 1903, 
II. 187), arid of citric acid (p. 610) ; (2) synthetically from allyl 
tribromide, CH2Br.CHBr.CH2Br and KNC, and decomposition of 
the tricyanide with aqueous potassium hydroxide : also from a whole 
series of synthetically prepared bodies by cleavage reactions ; (3) from 
diaJlyl acetic acid (p. 306) by oxidation ; (4) from a-acetyl tricar* 
ballylic acid ester (p. 613) by hydrolysis (B. 23 , 3756) ; (5) from 
VOL. I. 2 Q 
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propane aajSy- and -ajSjSy-tetracarboxylic ester; (6) from cyanotri- 
carballylic ester, the product of combination of sodium cyanosuccinic 
ester and bromacetic ester (C. 1902, I. 409) ; (7) from propane 
pentacarboxylic ester (p. 622), with loss of CO2 (B. 25, R. 746). It 
forms prisms which are easily soluble in water. 

The silver salt, CeHgOgAg, ; calcium salt, {C,H50e)|Ca,4-4H,0, dissolves with 
difficulty (C. 1902, I. 409); trimethyl ester, C,H,0,(CH3)8. b.p-is 150®; chloride, 
03113(0001)9, b.p.|3 140° (B. 22 , 2921); anhydride acid, CtHgOs, m.p. 131'' 
(B. 24 , 2890); triamide, 09H,(OONH3)3, m.p. 206®; amidimide, C3H303N2, 
m.p. 173® (B. 24 , 600). Trthydrazide and Triazide, C3H3(OON3)3 (J. pr. Oh. [2] 
62, 235). 

Homologous Triearballylic Acids : 

a-MethyU, two modifications, m.ps. 180® and 134® (comp. M. 23 , 283) ; 
m.p. 164® ; a- Ethyl-, 147®; a-n.-propyl, m.p. 151®; a-isopropyl, 

m.p. 161® (B. 24 , 288) ; axii-dimethyU, three modifications (B. 29 , 616) ; oa-di- 
methyl-, three modifications, m.ps. 143®, 174®, and 206® ( 0 . 1899, I. 826 ; 1900, II. 
316 ; 1902. I. 409). These acids are prepared from the corresponding cyano- 
tricarballylic acids (the condensation products of sodmm cyanosuccinic esters 
and a-bromo-fatty acid esters), or from sodium cyanoacetic esters and alkyl 
bromosucciiiic esters. Trimethyl bromosuccinic ester, however, after reaction 
with sodium cyanacetic ester, hydrolysis and cleavage of the product of con- 
densation, docs not yield the expected trimethyl triearballylic acid, but cux- 
dimethyl butane a^ay-tricarboxylic acid (CH9)3C(COOH)CH(C'OOH)CHaCH3COOH 
^C. 1902, 1. 409). 

ari/3-Tri methyl Triearballylic Acid, Camphoronic Acid, (CH8)3C(C02H)C(CH3)- 
(C03H).CH8C02H, m.p. 135®, is formed when camphor is oxidized. It is of 
fundamental importance in the determination of the constitution of camphor 
(Vol. 11 .). aj88 Butane Tricarboxylic Acid, m.p. 119® (C. 1902, II. 732). 

ayh-Pentane Tricarboxylic Acid, HeBmotricarboxyhc Acid, two modifications, 
m.p. 1 4 1® and 175®, is foimed by the acid reduction of haematinic acid (p. 595) 
(A. 345 , 2). 

ay^-Pentane Tricarboxylic Acid, m.p. 107® ( 3 . 24 , 284). Butane ph-Dicarboxylic 
y-Acetic Acid, CH9CH(COOH)CH(CH,COOH), (M. 21 , 879). Methine a-Tri- 
propionic Ester, ClirCH(CHo)C03R]9, m.p. 201®, is prepared from orthoformic 
ester, a*bromopropionic ester and zinc (C. 1906, 1 . 338). 


B. OLEFINE TRICARBOXYLIC ACIDS 
COjH CO.H COjH 

Aconitic Acid, I 1^ I , m.p. 191®, with decomposition 

CH 2 ~ C " - on 

into CO2 and itaconic anhydride (p. 516). It is isomeric with tri- 
methylene tricarboxylic acid {q,v,), and occurs in difh'rent plants ; 
for example, in Aconitum napelhis, in EquiseUtm fluviatile, in sugar 
cane, and in beet roots. It is obtained by h(‘aling citric acid alone 
or with concentrated hydrochloric or sulphuric acid (B. 20, R. 254 ; 
A. 314, 15). 

Aconitic acid has been synthetically prepared by the decomposition 
of oxalocitric lactone ester (q.v,) with alkali ; by the decomposition 
of the addition product of sodium malonic ester and acetylene di- 
carboxylic ester (J. pi. Ch. [2] 49, 20) ; also from cyanaconitic acid, 
the product of reaction of cyanacetic ester, oxaloacetic ester and 
sodium ethoxide (C. 1906, II. 20). It is readily soluble in water, and 
is reduced by nascent hydrogen to triearballylic acid. 
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The calcium salt, (CsHs0()2Ca,-f‘6H90, dissolves with difficulty; trimethyl 
esUr, C,HaO«(CHs)s. b.p.14 i6i°,aresults from the distillation of acetyl citric tri- 
methyl ester (B. 18 , i 954 )* and from acoiiitic acid, methyl alcohol, and hydro- 
chloric acid (B. 21 , 6G9). 

MnsYm.-Aconitic Anhydride Acid, CaH40g (constitutional formula, see below), 
m.p. 76®, is formed when aconitic acid is heated in vacuo to 140®, and when it is 
treated with acetyl chloride. When distilled in vacuo it decomposes into CO a ai d 
itaconic anhydride (B. 87, 3967)- Mnsym.-Acuuilimide Acid, C4H404(NH) (consti- 
tutional formula, see below), m.p. 191®, is formed from acyl citrimide ester and 
alkalis (p. on); also from ^-anilinotricarballylimidc esters and dilute hydro- 
chloric acid (B. 23, 3 ^ 93 )- l^ut the aconitic esters and ammonia yield the 

amide of sym.-aconitimide acid, citrazinic acid (formula, see below) (Vol. II- ), 
which results also from the amide of citric acid and mineral acids (B. 22. 1078, 
3054; 28,831: 27,3456): 


XO — O XO . NH 

HOjC.CH:C< I HO,C.CHX< I 

XH,— CO XIIj.CO 

unsym.-Aconitic Anhydride Acid. unsym.-Acouitinilde Acid. 



Citrazinic Acid. 


a-(OTy)-Mcthyl Aconitic Acid, HOaC.('(Cll 3 ) : C(COj|H)CHjCOjH or HOjC-CH.- 
CHjC.(C 02H) : CIlCOjH, m.p. 150®, is prepared from methyl cyanaconitic ester 
(p. 615). It reacts with acetyl chloride to form an anhydride acid, m.p. 51®, which 
when heated to 151)° di‘Compo.ses into jS-methyl itaconic anhydride and CO*. 
ay-Dimethyl Aconitic Acid, m.p. 164®; the anhydiidc-acid, m.p. 74®, is formed 
from cyano-£iy-dimethvl-aconitic cst(T (C. 1906. IT. 21). 

Jsoaconitic Ethyl Ester, (CjHbOOOjCUCH : CIlCOOCaHs. is formed when 
dicarboxylic glutaconic ester is incompletely hydroly/ed. It is converted by 
piperidine into a bimolecular polymer w^hich yields a bimeric glutaconic acid, 
m.p. 207'’ (p. 520) on hydrolysis with hydrochloric acid (B. 34 , 677). 

Aceconitic Acid and Citracetic Acid, C4H4O4, are two acids of unknown con- 
stitution, jsomeric with aconitic acid. They are obtained by the action of sodium 
on bromoacetic ester (A. 135 , 30^ , comp. B. 27 , 3457). 

cyS-Butene Tricarboxylic Acid, HOOC.CH,Cll(C6aII)CH : CHCOjII, m.p. 148® 
1902, II. 732). 

^^-Pentene' ayh -Tricarboxylic Acid, HO*C.CH,CHjC(COaHl:CH.CO,H, is un- 
known in the free state. Its anhydride-- and imide-acid are identical with the 
hcBmatic acids, obtained from h.Tmatin {(j.v.) by the ordinary action of chromic 
acid. The acids decompose on dry distillation info CO, and methyl ethyl maleic 
anhydride and imide, respectively (p. 519) (A. 845 , i). 


VI. TETRAHYDRIC ALCOHOLS AND THEIR OXIDATION 
• PRODUCTS 

Theoretically, there are 15 classes of tetrahydric alcohols, a figure which is 
obtained by the combination of the individuals — CHjOH, =CliOH, =rOH, 

according to the formula, etc., w'here 9n«3. The 

number of possible classes of oxidation products can be calculated by combining 
thesix individuals — CHaOH, =CHOH, COJi, — CIIO, =CO, — COgH, substitut- 
ing m=6 in the above equation and subtracting the number 15 of the tetrahydric 
alcohols. Thus, it is found that there are iii classes (126—15) oxydation pro- 
ducts, a number which is diminished when the 10 different classes of trihydroxy- 
aldehydes, the 10 classes of trihydroxy-ketones, and the 10 classes of trihydroxy- 
carboxylic acids are reckoned as 3 main classes. The more so when the 6 classe. 
each of the dihydroxy-dialdehydes, clihydroxy-di ketones, diliydroxy-aldehyde- 
ketones, dihydroxy-aldehyde-carboxylic acids, dihydroxy-kcto-car boxy lie acids 
and di-hydroxy-dicarboxy lie, acids are considered as constituting 6 main classes. 
Further, the 3 classes each of the monohydroxy-trialdehydcs, monohydroxy- 
dialdehyde diketones, monohydroxy-aldehyde-diketoiies. munohydroxy-triketoneSg 
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mcmohydroxy-dialdehyde-monocarboxylic acids, monohydroxy-monoaldehyde di- 
carboxylic acids, monohydroxy-aldchyde-kcton^-carboxylic acids, monohydroxy- 
diketonC'Carboxylic acids, monohydroxy-mono-ketone-dicarboxylic acids, and 
monohydroxy-tricarboxylic acids, can all be reduced to 10 main classes. There 
remains still 15 classes of oxidation products, composed of the fourfold combina- 
tion of the three individuals, — CHO, =C0,-^02H. Thus, the total number of 
main classes of the oxidation of the 15 classes of tetrahydroxy-alcohols is 3-|-6-f- 
104-15=34 classes. 

These considerations give a clear indication of how little the field of the tetra- 
hydroxy alcohols and their oxidation products has been exhausted, since only 
15 classes are as yet known. 


t. TETRAHYDRIC ALCOHOLS 

Ordinary (iry thritol is best known of the tetrahydric alcohols corre- 
sponding with th(‘ four tartaric acids (p. 600). B3’' an intramolecular 

compensation it, like mesotartaric acid, becomes optically inactive, 
and is therefore called i-erythritoL This alcohol and [d+1] erythritol 
were synthcticallj^ prepared by Griner in 1893 from divinyl. 

Divinyl, or butadiene (p. forms an unstable dibromide, which becomes 
rearranged at 100® into two different but stable dibromides. When these are 
oxidized by pot.issuim permanganate, the one passes into the dibromhydrin 
(m.p. 135®) of ordinary or i-erythritol, whilst the other becomes the dibromhydrin 
(lu.p. 83®) of [d4-l] erythritol. Potassium hydroxide converts these two dibrom- 
liydrins into two butadiene oxides, which, with water, yield the erythritols 
corresponding with i- and [d-f-1] erythritol (B. 26, R. 932 ; A. 308, 333) : 

HC.CHjBr (HOlHC.CHjBr (HO)HC.CH,(OH) 

jr II > I ^ I 

HC.CHaBr (HO)FC.CH,Br (HO)IIC.CH2(OH) 

m.p. 135 * i-Erythritol. 

^ HC.ClIaBr (HOlHC.CITjBr (HO)HC.CH2(OH) 

II — >■ I — ^ I 

CH,Br.CII ClI,BrCH{OH) ai,(OH)CH(OH) 

m.p. 83" ((i-fl]-Erythritol. 

i-^rythritol, Erythroglucin, Phyciiol, CH2(OH).CH(OH.)CH(OB[),- 
CH2 0 Ii. m.p. 126°, b.p. 330°, occurs free in the alga Protococcus 
vulgaris. It exists as crythrin (orsellinate of erythritol) in many lichens 
and some esixTially in Roccella Montagnei, and is detained from 
these by hydrolysis with sodium hydroxide or calcium hydroxide. 

C.H,' (5^)^+2H,0-C4H,(0H)4+2C,H,0.. " 

Eryllinn. Erythritol. OrseJlinic Acid. 

Also, i-erythrilol is formed by the reduction of i-erythrose (B. 32, 3677). 

Like all polyhydric alcoliol.s erythritol possesses a sweet taste. 

By carefully oxidizing erythritol with dilute nitric acid erythrose results. More 
intense oxidation produces crythritic acid and mesotartaric acid (p. 604). 

i-Nitro-efylhritol , C4He(ONO)24, m.p. 61®, explodes violently when struck. 
i-Tetra-acsiyl Krythutoi, ( 411,(000^34), m.p. 85®. \-KrythnioU Dichlorhydyin, 
C4H3(OH)aCli. m.p. 125®, is formed from erytliritol by the action of concentrated 

hydrochloric acid, ^3^^ Di2=i*ii3, 

is formed when potassium hydroxide acts on the dichlorhydrin. It is a liquid 
with a penetrating odour, and behaves like ethylene oxide (p. 317). It combines 
slowly with water, yielding erythritol, with 2HCI to the dichlorhydrin, and with 
2HNC to the nitrile of dihydroxyadipic acid (B. 17, 1091). Eiythritol, in tho 
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presence of hydrochloric acid» combines with formaldehyde, benzaldehyde. and 
acetone, yielding : * 

i-Erythntol Dtforntal^ C4H«04(CH,)|, m p 96® (A 289 , 27) , 

\~Erythntol DtbenMcU, m p 97® , and 

i^Erythntol Diacctone, €411404(0,114)4, m p 5O®, bp,, 105® (B 28 , 2531). 
d-ErythrltOl, m p 88, [0]©= —4 4®, is obtained by the reduction of erythrulosr 
(C. 1900, II 31) 1-Erythritol [a]i, = +4 3®, is similarly obtained from l-thrcose 
(C. 1901. II 179) 

[d+l]-Erythritol, mp 72®, is obtnncd by the combination of the d- and 1 - 
compounds It is identical ith the substance obtained from divinyl (p 596). 
\6.-\-\\-Erythr%tol Ether 28 , R 932) Fetraacetyl [^-\-V\-Lrythritol, 53®. 
NUro-tert -Butyl Glycerol N02C(Clia0H)„ m p 158®, is formed from nitro- 
methane, foimaldehydt, and potassium hydrogen carbonate (B 28 , R 774). 
Reduction converts it into hydroxylamino tert -butyl-glycerol, HOHN C(OH,OH)i, 
m p 140® (B 30 , 3161) See also Dioxyacetonc (p 534) 

Penta-orythrdol, C(CH,OH)4, m p 250-255®, has been prepared by con- 
densing formaldehyde and acetaldehyde with lime (C 1901,11 1 1 14) See also 
vinyl- tnmethylene (Vol II ) Tetraacetyl Fenta erythritol,C(dlfiCOCil^)^,m^ 
84® (A 276,58) Ptnia-crylhrUol Dibenzal mp r6o® (A 289 , 21 ) 7 eU a ethyl 
Ether, C(CH , 00 , 11 , )4, b^ 220® (C 1897, II 694) Iwo Hexyl ErythntoL have 
been prepared by oxidizing diallyl, CH,=(H0IIa — Oil, — CH=CH, (p 90) 
Oxidation of hcxadicne dibromide, CH3CIIB1CH . CHCHBrCH,, produces a 
d%bromo-di hydroxyhexane j^hicYi, when warmed with aqueous sodium hydroxide 

yieldsJ/f4ry/«neDto;Mrf«,^CH(CII,)(' HiHCH(CH,)(!), bp 177* (B 86,1341) 
2 TRIHYDR0XYALDEHYDESand3 TRIHYDROXYKETOMES : Erythntose, 
Tetrose, is probably a mixture of a tnhydroxyaldehyde and a trihydroxyketone 
(comp Glycerose, p 5^4, B 35 , 2627) It is produced when erythritol is 
oxidized with dilute nitric acid It yields phcnylerythrosazone, C4H40,(N,H- 
O4H,),, mp 167® (B 20 , 1090) ihis probably is also produced from the 
condensation product of glycolyl aldehyde (p 337) (B 25 , 2553 , 35 , 2630). 
<f-Erythritose (Icevo-rotatory) is formed when d-arabonic acid is oxidized with 

OH OH 

hydrogen peroxide (B 82 , 3674) 1 - Erythntose, HOC C — CCH,OH (dextro-rotatory) 


H H 

results fiom the oxidation of 1 arabonic acid, or by the decomposition of 
1 -arabmosc oxime through the mink, by loss of hydrocyanic acid (B 32 , 3666 , 84 , 
1365) (comp also the decomposition of d di xtrose, p biS) Similarly, by oxidation, 

H OH 

HOC C C CH OH 

or by the hydrocyanic acid reaction, 1-xylose yields l-threose, 


4 

stereosomenc with erythrose I Erythntose and 1 thieose yield the same osa- 
zone (B« 84 , 1370) Erythrulose is obtained from erythritol by means of the 
borbose bacterium It yields d erythritol on reduction, and is probably a ketose 
Methyl Tetrose, CH3[CHOIl]aCHO, is obtained from rhamnose oxime and acetic 
anhydride, and also from rhamnonic acid and hydrogen peroxide tosazone, m p 
173® Benzyl Phenylhydrazone m p 97®, when oxidized with nitric aeid, yields 
drtartanc acid , bromine water produces methyl tetronic acid (B 29 , 138 , 36 , 
*360) 


4 HYDR0XYTRIEET0NE3 : ^-Methyl heptane-z~o\-2,^fi-trtone, 

aUol of duicetyl, CH,C0C{0H)(CH,) CH,CO COCH,, b p x, 128° (p 349)- 
5 . TETRAKETONES: letra-acetyl ttluine, (CH,CO),CH— CH(CO- 
CH,),. IS obtained from sodium acetyl acetone by means of iodine or 
by electrolysis (p 350) 

Oxalyl Diacetone, CHsCOCHa.COCOCHaCOCH,, mp 121®. and 
0 xal\lDifnethvlDie'h\lK€tcnc,CJLlJZQC}i 2 COCO CHaCOC2H5,m p 76®, 
are formed frqgi oxalic ester acetone oi ne liyl ethyl ketone and sodium 
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ethoSdde. It consists of yellow ciyretals, which remain y^ow on 
fusion and form yellow solutions. Oxalyl diacetone give a dipyrazole 
derivative with phenylhydrazine (A. 278 , 2Q4). 

Methenyl Bisacelyl Acetone ^ (CH3CO)2CH.CH=C(COCII;>)t, is ob- 
tained from ethoxyme thyleiie acetyl acetone (p. 536) by the addition 
of acetyl acetone. 

6 . TRIHYDROXY-MGNOCARBOXYLIC ACIDS. 

Tnhydroxybulyric Acid, -Erythrotnc Acid, Erythroglucic Acid, CHjOH- 
[CH0Il]2C02ll, ohlciincd by the oxidation of erythrytol and mannitol (2) (B. 19 , 
468). It is a crysLilliiic deliquescent mass. CL-Etythromc Acid (Ix'vo-rotatory) 
is formed by the oxi-lation of d-erythnlose with bromine ; from d-fructose with 
IlgO ; and from the dextrosonc (p. 02g). with bromine (C. 1902. I. 859 ; II. 109). 
^‘Erythronic Lactone, ni.p. loj®. l-Erythronic Acid (dextro-rotatory) is prepared 
from 1-crythrose luid bromine water. 

\-Erythromc Lattone, m.p. 104° (B. 34 , 1362). 

T2iC.-Erythromc Lactone, m.p. 91°, is obtained from y-hydroxycrotonic lactone 
(p. 398). and permanganate. The y-ethyl ether oi erythrornc acid. CjHsO.CHgCH- 
OH.CJIOII.C OgH, m.p. 91®, is similarly obtained from y-ethoxycrotonic acid 
(C. 1905, 1. ; II. 457. 

TrihvdYoxyisohutyric Acid, (CH20H)2.C(0H)C0jjH, m.p. 116®, is obtained 
from glvcerosc and HNC (B. 22 , 106). 

aj 9 y-rrj 7 ryf/y<>;ry»a/mc Acid ; aP-Dikydroxy-y-valerolactone, CHgCHCH(OH)- 

CH(OH)COO, m.p. 100°, is formed by oxidation of a-angelic acid lactone (p. ^g8) 
by permanganate (A. 319 , 194). 1 his deJiydroxyvalciolactone must be looked 

on as ing the ratemic lorm of the Methyl 7 etronic Acid Lactone, m.p. 121®, 

47 obtained by oxidation of methyl telrose (p. 3117) by bromine water. 
apy- L'l ihydit>xyvalen( And is sjjccially characterized by its phenylftydrazide, 
m.p. 169®, and its brucine salt (B. 35 , 2365). 

i,ZA~^rihydroxy valeric Acid \ th e 'i,^-oxlde of th is acid, the ^-Hydroxy- 

tetrahydrofurfurane a~Carhoxyhc Acid, iciI,.CH(OH)CH,aiCOOH, m.p. no”, is 
formed from the corresponding malonic acid derivative when it is heated with 
water (B. 37 , 4544 )- 

The coriesponding i , 4-imide — '- Hydroxypyrrolidine a'- Carboxylic Acid, 

p'-Hydroxyprohne, 1INC112CH(0II)CII2CHC02H, a-forin. m.p. 26®, with decom- 
position, fe-form 250®, with decomposition, is formed from ah-bromo-chloro-y 

valerolactone, ClCHjCH.CHg.CHBr.COO. The a-form yi( Ids a slightly soluble 
topper salt. I'lic last named acid, like the 1,4-oxide (^ee above). is prepared 
liom the s>iilhi fu S-chlorovah rol.ictonc carboxylic tsb 1 (p. ^ijfj) by the action 
oi ammonia. II lias not yet been d'*termincd wlictln r the synthetic liydroxy- 
jiroline is the ra» time lorm of the natural flydroxyproli,.F, m p. 270® with decom- 
position [a];;''— - Si 04®, which is obtained by the hydiolysis of gelatin. Both 
compounds pooses^ a sweet taste, are reduced by liyd not lie acid and phosphorus to 
proline (p. 342), and arc very stable towards hydrolytic agents (B. 41 , 1726). 

7. DIHYDROXYKETO-MONOCARBOXYLIC ACIDS. 

ay -Diethoxy -acetoacetic Ester, C2H50.CH2C0.CH(0C2H2).C02C2H2, b.p.14 

132®, is prepared from ethoxychloracetoacetic ester (p. 545) and sodium ethoxide 
(A. 269 , 28). 

8. HYDROXYDIKETO-CARBOXYLIC ACIDS. 

Acetyl Acetone Chloral, C Cl,.CH(011)CilaC0.CH2C0CH„ m.p. 78®, is a de- 
rivative of heptane-2-ol-4,o-dione-l-acid. It is prepared from chloral and acetyl 
acetone (C. 1898, II. 704). 

9. TRIKETO-MONOCARBOXYLIG ACIDS. 

The B-phenylhydrazone ot apy-Triketo-n.-valeric Acid, m.p. 206®, is prepared 
from sooium acetone oxalic acid and diazobenzene chloride (A.^ 278 . 285). 
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Diaceiyl Pyroraceinic Acid, (CH3C0)2CHC0C02H, provides a derivative 
cyaniminomethyl acetyl acetone (CHjCO)2CH.C(NH)CN, which is prepared from 
acetyl acetone, cyanogen and a little sodium ethoxide. Aqueous sodium hydroxide 
decomposes it into sodium cyanide and cyanacetyl acetone (p. 547). It combine 
with a further quantity of acetyl acetone to form dicyano diacetyl<acetone and 
similarly with acetoacetic ester and malonic ester (A. 83 % 146). 

Derivatives of CHjCOCO.CHjCOCOOH, are formed from 

p3rroracemic ester and aromatic amines, e.g., CH,C(NC,H5)COCH2C(NC,H,)COt- 
CjHj, which is decomposed by sulphuric acid into GHjCfNC^HjlCOCHjCOCOj- 
CaH5, m.p. 140 (C. 1902, I. 1320). Homopyruvyl Pyruvic acid. Heptane-^, 
trione-y-acid, provides derivatives such as the methoxime ester, CjH5C(NO.CH3)- 
COCHjCOCOjR ; methyl ester, m.p. 80® ; ethyl ester, m.p. 41°, which are prepared 
from the methoxime of acetyl propionyl (pp. 349, 354), oxalic ester, and sodium 
ethoxide (B. 38 , 1917). 

ay-Diacetyl Acetoacetic Acid, CH,C0CH,C0CH(C0CH,)C02H. The lactone 
of the ^-aci’ or -enol-form of this hypotlietical acid, Dehydracetic Acid, 6-Methyl- 
CCX- 0 — CCIl, 

yaceto-pyronone, I || , m.p. 108®, b.p. 269®, is formed by 

CHaCO.CH.CO.CH 

boiling acetoacetic cstei* under a reflux condenser ; from dehydracetocarboxylic 
acid (A. 273 , 186) by evaporation with aqueous sodium hydroxide ; from acetyl 
chloride and pyridine ; and from triacetic acid (p. 348) by heating with acetic 
anhydride and sulphuric acid (C. 1900, II. 625). It is isomeric with isodehydr- 
acetic acid (p. 571 ). The constitution of dehydracetic acid has been demonstrated 
by Fetst (A. 257 , 261 ; B. 27 , R. 417). Hydriodic acid produces dimethyl pyrone, 

CH,.(LcH.CO.CH.i.CH, {g.v.). 

10. DIHYDROXY-DICARBOXYLIC ACIDS. 

A. Malonic Acid Derivatives, yS Dthydroxypropyl Malonic Acid, CH,(OH)CH- 
(OH)CH,iiCH(COsH)* ; lactone ester, h-hvdroxy-y-valerolactone carboxylic ester, 

CH,(OH).CHCHjCH(COaC2HB)COO, a syrup, is formed from Z-chloro-y-valero^ 
lactone carhoxyhc ester, the product of condensation of epichlorhydrin (p. 532) and 
malonic ester. The lactone ester and alcoholic ammonia form y-b-Dihydroxy» 
propyl Malonamide, m.p. 140® (B. 35 , 197) ; comp, also B. 38 , 1939). Hydro- 
lysis of the chlorovalciolactonc ester causes loss of CO* and production of chloro-y- 

valerolactone, together with the dilactone OCH,CH.CH,.CH.io, m.p. 180® ; 

O .CO 

bromine produces a-bromo-8-chloro-y-valero-lactonc ester (B. 40 , 301). 

CHaCHj.CHjv XH,CH,CH, 

Di-oi-hydi oxypropyl Malonic Acid Lactone, | I 

• O CCK ^CO - O 

m.p. 106®, is formed from diallyl malonic acid (p. 522), and hydrobromic acid 
(A. 216,67)- 


B. SUCCINIC ACID DERIVATIVES. 

Tartaric Acids or Dihydroxyethylene Succinic Acids. — Tartaric acid 
is known in four modifications ; all possess the same structure 
and can be converted into one another. They are : (i) Ordinary or 
Dextro-tartaric acid. (2) LcBVO-tartaric acid. These two are distin- 
guished Jfrom each other by their equally great but opposite molecular 
rotatory power. (3) Racemic Acid, paraiartaric acid, or Id-^-Yl-tartaric 
acid. This is optically inactive, but can be resolved into dextro- 
and laevo-tartaric acids, from which it can again be reproduced by thdr 
union. ( 4 ) Mesotartaric acid, antitartaric add, \4artaric acid,^ is 
optically inac^e and cannot be split into other forms. The isomerism 
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of these four acids was exhaustively considered in the introduction. 
According to the theory of van Hoff add Le Bel, it is attributable 
to the presence of two asymmetric carbon atoms in the dihydroxy- 
ethylene succinic acid. A compound containing one asymmetric carbon 
atom may occur in three modifications — a dextro-form, a laevo-form, 
and, by union of these two, an inactive, decomposable [d+1] modifica- 
tion. If the same atoms or atomic groups are joined to two asymmetric 
carbon atoms, — ^that is, if the comj^und be symmetrically constructed, 
like hydroxyethylene succinic acid, — ^then in addition to the three 
modifications capable of forming a compound with one as5anmetric 
carbon atom there arises a fourth possibility. Should the groups 
linked to the one asymmetric carbon atom (viewed from the point 
of union of the two asymmetric carbon atoms) show an opposite 
arrangement from that of the groups attached to the second asymmetric 
carbon atom, then an inactive body will result by virtue of an internal 
compensation. The action on polarized light occasioned by the one 
asymmetric carbon atom is equalized by an equally great but oppositely 
directed influence exerted by the second asymmetric carbon atom. 
(Se3 also B. 35 , 4344.) 

Therefore, the four symmetrical dihydroxysuccinic acids can be 
represented by the following formulae, to which must be ascribed a 
spacial significance as basis (p. 32) : 


(1) 


CO,H 

COgH 

1 

CO,H 

H— *<!;— OH 

1 

HO— ♦C— H 

1 

H— •(*•— OH 

HO— ♦(>- H 

1 

H— *G— OH 

1 

H— ♦( — OH 

1 

C02H 

I 

CO,H 

CO,H 


Deztrotartaric Acid. 2) Lavotartaric Acid. (3) McsotarUnc Acid. 

d-Tartaric acid + 1-tartaiic aad=s(4) Racemic Acid 


The configuration of d-tartaric acid, as represented on p. 646, 
follows in consequence of the formation of this acid from the oxidation 
of methyl tetrose, the decomposition product of rhainnose. 

Htstortcal. — Scheele in 1 769 showed how this acid could be isolated from argol. 
Kestner in 1822 discovered racemic acid as a by-product in the manufacture of 
ordinary tartaric acid, and in 1 826 Gay-Lussac investigated the two acids. He and 
later Berselius (1830) proved that ordinary tartaric acid and racemic acid pos- 
sessed the same composition, and this fact led Berxelius to introduce the term 
isomerism into chemical science (p. 25). Biot (1838) showed that a solution of 
ordinary tartaric acid rotated the plane of polarized light to the right, whereas the 
solution of racemic acid proved to be optically inactive, and was without action 
upon the polarized ray. Pasteur* s classic investigations ( 1 848-1853 ) demonstrated 
how racemic acid could be resolved into dextro- and Icevo-tarlanc acid, and be again 
re-formed from them. In addition to laevo-tartaric acid, Pasteur also discovered 
inactive or mesotartaric acid, which cannot be resolved. Kekule in i86x and, 
independently of him. Perkin, Sr., and Duppa synthesized racemic acid and meao- 
tartaric acid from succinic acid, derived from amber, through the ordinary 
dibromosuccinic acid. In 1873 Jungfleisch obtained racemic acid and meso- 
tartaric acid from synthetic succinic acid, and also the other two tartaric acids 
derivable from racemic acid. Van *t Hoff in 1874 and, independently of him. 
Le Bel referred the isomerism of the four tartaric acids to the presence of two 
asymmetric carbon atoms in symmetrical dihydroxyethylene succinic acid. 
Kekule and Anschutx in 1880 and i88x found that when racemic acid was oxidized 
it yielded fumaric acid, and that inactive or mesotartaric acid j^ave maleic acid. 
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The oxidant was potassium permanganate. This reaction directly linked the 
isomerism of the tartaric acids to tiie isomerism of the two unsaturated acids — 
fumaric acid and maleic acid. * 

(i) Bacemic Acid, Paratartaric Acid, C4H0Oe+H2O, m.p. 206® 
with decomposition (anhydrous), is sometimes found in conjunction 
with tartaric acid in the juice of the grape, and is formed in the pre- 
paration of ordinary tartaric acid, when the solution is evaporated 
over a dame, especially in the presence of alumina. 

Racemic acid appears (i) in the oxidation of mannitol, dulcitol 
and mucic acid with nitric acid, as well as when fumaric acid (B. 18, 
2150), sorbic acid, and piperic acid are oxidized by potassium per- 
manganate (B. 23, 2772). It is synthetically obtained (2) from 
glyoxal by means of hydrocyanic and hydrochloric acids (together 
with mcsotartaric acid, B. 27, R. 749), and (3) from isodibromo- and 
(together with mesotaitaric acid) fiom dibroniosuccinic acid, by the 
action of silver oxide (pp. 501, 604) ; (4) together with glycollic acid 
(comp, the pinacone formation, p. 313), when glyoxylic acid is 
reduced with acetic acid and zinc ; (5) by heating desoxalic acid with 
water to 100°, when carbon dioxide is split off. 

Ethyl alcohol, which can be synthesized in various ways, constitute 
the parent substance for the first four syntheses. In the fifth synthesis 
carbon monoxide serves for that purpose. 


SYNTHESIS OF RACEMIC ACID 




CO,H 

COgH 

COgH 

COgH 

CH,OH 

1 - > 
CH, 

ClI, 

la. 

1 

CHBr 

j 

CIIBr 

1 

CH 

II 

CH 

II 

CH, 

1 

CH, 

I - 

CH, 

1 ^ 
CHBr 

1 



1 

CO,H 

Suciiiuc 

Aad. 

1 

COgH 
Monobromo- 
succinic Aad. 

CO.H 

Ord. Dibromo- 
succinir Aad. 

1 

COgH 

Fumanc 

Aad. 


->CN 


CHO 

co,n 

^ 1 V 

CH OH 

\ 

(!:ho 

^ 1 ^ 
CHO 

CH OH 



CN 

GlyosaL 

Glyozalic Acid. 



HCOgNa 

CO,Na 

COgNa 

Carbon 

llonoslde. 

Soditum 

Formate. 

Sodium 

Onalato. 


CO,Cj|Tf 5 
CO,C,H> 


CO,H 

<!h. 


OH 


CH OH 

I 

CO,H 
Ranmic Acid. 

{ro,c,H,), (CO,H), 

II II 

COH COH 

CHOH ^ (Ih.OH 
4 !x>,C,H« ix>aH 

OmouUo A«M 
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Racemic acid is also produced when equal quantities of concen* 
j trated solutions of dextro- and Isvo-tartasic aci^ are mixed (B. 25 , 
1566), and together with mesotartaric acid when ordinary tartaric 
acid is heated with water to 175°. 

Properties. — Racemic acid crystallizes in rhombic prisms which slowly 
effloresce in dry air. It is less soluble (i part in 5*8 parts at 15®) in water than 
the tartaric acid, and has no eftoct on polarized light. Potassium permanganate 
oxidizes it to oxalic acid, and hydriodic acid reduces it to inactive malic and 
ethylene succinic acids. Its salts closely resemble those of tartaric acid, but do 
not show hemilicdral faces ; the acid potassium salt is appreciably more soluble 
than cream of tartar ; calcium salt, C4H40,Ca+4Hg0, dissolves with more 
difficulty than the coricsponding salts of three other tartaric acids. Dilute 
acetic acid and ammonium chloride do not dissolve it. It is formed on mixing 
'jolutions of calcium dextro- and laevotartratcs ; barium salt, C4H404Ba-f 2 JHgO, 
or ^HgO (A. 292 , Racemic changes of the racemates (B. 32 , 50, 857). 

Optical Resolution of Racemic Acid. — When Pasteur was 
stud5dng raccinic acid he discovered methods foe the decomposition 
of optically inactive bodies into their optically active components, 
which were briefly considered in the introduction (p. 57) : 

(i) Pcnicillium glaucum, growing in a rac<^mic acid solution, 
destroys the dextro-tartaric acid, leaving the 1-tartaric acid un- 
attacked. 

(2fl) From a solution of sodium ammonium racemate the unaltered 
salt, without hemihedral faces, separates above +28° (B. 29, R. 112). 
When the crj^stallization takes place below +28°, brge rhombic crystals 
form, some of which show right, others left hemihedral faces. Re- 
moving the similar forms, or by testing a solution of the crystals with 
a solution of calcium dextro-tartrate (A. 226, 193), the former will be 
found to possess dextro-rotatory power and yield common tartaric 
acid, whereas the latter yield the laevo-acid. 

(26) A solution of cinchonine racemate yields, on the first crystalliza- 
tion, the more sparingly soluble laevo-tartrate. If only half as much 
cinchonine, as is necessary for the production of the acid s ilt, be intro- 
duced, then two-thirds of the calculated quantity of cinchonine laevo- 
tartrate will separate (B. 29, 42). Quinicinc dextrotartrate is the first 
to crystallize from a solution of quinicine racemate. 

Esters of Racemic Acid : Dimethyl ester, m.p. 85®, b.p. 282®, is produced 
from racemic acifl, methyl alcohol, and HCl. It can be mad(’ by fusing together 
the dimethyl ester of dextro- and laevo-tartaric acids. It is obtained piffrc by 
distillation under reduced pressure. In vapour form it dissociates into the 
dimethyl ester of the dextro- and laevo-tartaric acids (J 3 . 18 , 1397 ; 21 , R. 

643)- 

Diacetyl Racemu Anhydride, (CgHjO,)gC4H,Oa, m.p. 123® (B. 18 , 1178). 
Dimethyl Diacetyl Racemic Ester, (CjH80,)jC4H,04(CHa)g, m.p. 86®, results 
from the action of acetyl chloride on the dimethyl ester ; and upon evaporating 
the benzene solution of the dimcthyl- 1 - and d-diacetyl tartaric esters (A. 247 , 115). 
Nitrile of Diacetyl Pyroracemic Acid, CH,CO.OCH(CN).CH(CN)O.COCH^ m.p. 97®. 
is produced together with the nitrile of diacetyl mesotartaric acid, vmen acetic 
anhydride acts on the liquid portion of the additive product resulting from 
HNC and glyoxal in alcohol (B. 27 , R. 749)* 

Imldes : Methyl-, ethyl-, and phenyl-imides, m.p. i 57 °i i 79 ®. and 235® (B. 30 , 
3040). The anil of diacetyl racemic acid, m.p. 94®» results when PCI4 acts 
onwhe anilic acid, and when the Anils of d- and l-Diacetyl Tartaric Acids, m.p. 
126®, combine (privately communicated by AnschuU and Reitter), 
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(2) Dextro-rotatory or Ordinary Tartaric Acid (Acidum tartaricum), 
m.p. 167-170® (B. 22, is widely distributed in the vegetable 

world, and occurs principally in the juice of the grape, from which it 
deposits after fermentation in the form of potassium hydrogen tartrate 
(argol). It results on oxidizing methyl tetrosc, saccharic acid, and 
lactose with nitric acid. 

Ordinary tartaric acid crystallizes in large monoclinic prisms, 
which dissolve readily in water (i part in 076 parts at 15®) and 
alcohol, but not in ether. Its solution rotates the ray of polarized 
light to the right, but a very concentrated aqueous solution at low 
temperatures turns it to the left (B. 32 , 1180). When it is heated 
with water to 165° it changes mainly to mesotartaric acid ; at 175® 
the racemic acid predominates. Also, boiling with concentrated 
aqueous alkali converts d-tartaric acid partially into racemic and 
mesotartaric acids (B. 30 , 1574). It also forms racemic acid when it 
is brought togethej with a concentrated solution of 1-tartaric acid. 
P3n:oracemic and pyrotartaric acids (p. 50) are products of its dry 
distillation. 

When gradually oxidized, d-tartaric acid becomes dihydroxyfumaric 
acid (p. 607), dihydroxytartaric acid, and tartronic acid (p. 549) ; 
stronger oxidizing agents decompose it into carbon dioxide and formic 
acid. 

Hydriodic acid reduces it to d-malic and ethylene succinic acids. 

d-Tartaric acid is applied in dyeing or colouring, as an ingredient of 
effervescing powders, and as a medicine. Nearly all of its salts meet 
with extended uses. 

Salts. Tartrates. — The normal potassium salt, C4H40,K,4-JH,0, is readily 
soluble in water ; from it acids precipitate the salt, C4H5O4K, which is not very 
soluble in water, and constitutes natural argol (Cremor tartan) ; potassium sodium 
tartrate, C4H 40, KNa+ 41140 (Seignette salt), crystallizes in large rhombic prisms 
vnth hemihcdi<il faces; sodium ammonium salt, C4H404Na(NH4)+4lIj0, is 
obtained fiom sodium ammonium racemate ; calcium salt, C4H404Ca-f H jO, is pre- 
cipitated from solutions of normal tartrates, by calcium chloride, as an insoluble, 
crystalline powder. It dissolves m acids and alkalis, and is rcprccipitated as 
a jelly on boiling — a reaction serving to distinguish tartaric from other acids. 
(See also Calcium Racemate ) 

Lead salt, C4H40ePb. Copper salts are not precipitated by alkali hydroxides 
in presence of tartaric acid. When cupric hydroxide is dissolved in tartaric 
acid a^d aqueous alkali, double salts are formed, such as cupric .sodium ditartrate, 
CiHjQjCuNaa -|-C4H204Na4-hi ^HjO (B. 32 , 2347). A solution of copper sulphate, 
rochclle salt, and sodium hydroxide is known as Fehling’s solution, and is employed 
in the quantitative analysis of certain sugars (p. 62^). 

Tartar Emetic. — Potassio-Antimonyl Tartrate, Tartarus emiticus, Tartarus 
stihiatus, COOK.CHOH.CHOH.COOSbO+JH.O, or C4ll404:Sb0K+iH,0. or 

C 0 ,K[CH 0 H],C 00 Sb<Q>Sb. 0 C 0 [CH 0 H],.C 00 K+H ,0 (B. 16 , 2386), is pre- 

pared by boiling cream of tartar with antimony oxide and water. It cprstal- 
lizes in rhombic octahedra, which slowly lose their water of crystallization on 
exposure and fall to a pow'der. It is soluble in fourteen parts of water at lo®. 
Its solution possesses an unpleasant metallic taste, and acts as an emetic. See 
B. 29 , R. 84 ; 28 , R. 463, for the corresponding arsenic compound. 

Dextro-tartaric Acid Esters, ROOC.CH(OH)CH(OH).COOR (comp. Racemic 
Esters), are obtained as follows: the acid is dissolved in methyl or etiiyl 
alcohol, hydrochloric acid gas is passed through the solution, and the liquid 
is distilled under diminished prcs.sure. PCI5 converts them into esters of chloro- 
malic acid (p. 605) and chlorolumaric acid. The esters constitute the first 
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homologouar series of optically active substances, of which the rotation of the 
plane of polarized light was investigated (Anschutz and Pictet, B. IS, 1177 ; 
♦ comp. B. 27, R. 511, 621, 725, 729 ; B. 28, R. 148 ; C. 1898, II. 17), Dimethyl 
Ester, m.p. 48®, b.p.^,® 280® [a]D**=*+2*i6. Diethyl Ester, fluid, b.p.7,0 280® 
[a]D*®= +266. Di-n.-propyl Ester, fluid, b p. ,10 3^3® [a]D“® = + i2’44. 

The action of iodo<alkyls and silver oxide is to produce ethers by substitution 
of the alcoholic hydroxyl groups of the tartaric esters. Thus, d-tartaric ester 
is converted by iodomethanc and silver oxide into d~Dim ethoxy succinic Dimethyl 
Ester, CH80,C.CH(0CH3)CH(0CTT3) COjCU,, m.p. 51®, b.p.i, 132®. which, on 
hydrolysis with barium hydroxid*' solution, yields d-Dimethoxy succinic Acid, 
m.p. 151®. These ether-esters aie also produced from silver tartrate and iodo- 
alkyls. But if sodium ethoxidc is jirescnt during reaction between tartaric estei s 
and iodo-alkyls there results a niixtiiie ot sym.- and unsym.-dialkoxysuccinic 
esters (p. 566), which can tilso be produced by the action of sodium ethoxide on 
sym.-dibromosuccinic ester (C. 1900, I. 404 ; 1901, II. 401). 

Mono- and Di-formal / artaric Acids. 

0 -CHaO .OCR— CHO. 

1 I andCH.< I I >CH, 

HO.C.CH CH.COjH ^OCO COQ/ 

« 

(C. 1903, I. i/>). 

Diacetyl d-Fartanc Anhydride (C2Hs0)aC4Hj03, m.p. i^5°, is prepared by 
treatment of tartaric acid with acetic anhydride and a little sulphuric acid. 
Pyridine acetate at o® produces the pyridine salt of hydroxymaleic anhydride 
(p- 565). Diacetyl Tartaric Dimethyl Ester, m.p. 103®. Diaceiyl Tartaric Dianilide, 
m.p. 214° (A. 279, 138). Diacetyl d- Tartaric Anil \ see Diacetyl Racemic Anil 
(p. ()02). Other imidcs (B. 29, 2710). 

Nitrotartanc Acid, Dinitrotartaric Acid, (NO|0)2C3H|(C02lI)2» is obtained 
from taitaric acid by the action of nitric and sulphuric acids. It dissolves 
readily in alcohol and ether, and is insoluble in benzene and chloroform. 
[a]D®® = + 13*5® in methyl alcohol. In aqueous solution the substance decomposes 
into dihydroxytartaric acid (p. 607), C03H.C(0H)j.C(0H)2C02H, which breaks 
down further into COj and tartronic acid. Dinitrotartaric Esters: Dimethyl 
Ester, m.p. 75® ; diethyl ester, m.p. 27®. M ononitrotartaric esters, RO,C.CH(ONO,)- 
CH(OII).CO,R; dimethyl ester, m.p. 97®; diethyl ester, m.p. 47®. Both the 
series of compounds are formed together when tartaric esters are treated with 
nitric and sulphuric acids (C. 1903, I. 627 ; B. 36, 778). 

(3) LsBVO-Tartaiic Acid, m.p. 167-170®, is very similar to the 
dextro-variety, and only differs from it in rotatinf< the ray of polarized 
light to the h ft. Their salts are very similar, and usually isomorphous, 
but those of the laevo-acid exhibit opposite hemihcdral faces. 

‘ The dimethyl ester has the same melting and boiling poinfts as the 
dimethyl ester of d-tartaric acid (see above) ; comp, also racemic 
acid esters (p. 602). In the description of racemic acid the method 
by which 1-tartaiic acid could be obtained from it was exhaustively 
considered (p. O02). In concentrated solution it combines with 
d-tartaric acid and yields racemic acid. 

(4) Inactive Tartaric Acid, Mesotartaric Acid, Antiiartaric Acid, 

is obtained when parasorbic acid and erythritol are oxidized with 
nitric acid, or (together with racemic acid) when dibromosuccinic acid 
is treated with silver oxide (p. 601) ; and maleic acid or phenol with 
potassium permanganate (B. 24 , 1753). It is most readily prepared 

by heating common tartaric acid with water to 165® for two days. It 

contains one molecule of water of crystallization. 

Calcium Salt, C4H40gCa+3H30 (A. 226, 19S) : barium salt, CgHgOgBa^ 

4*HtO (A. 292, 3x3); dimethyl ester, m.p. xii®; diethyl ester ^ m.p. 54®, 
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bpi, 156* (B 21,5x7) Mesotartaromtnle, CN CH(OH) CH(OH)CN, mp X3i* 
vith (lecompo^^ition, is produced by the addition ol hydrocyanic acid to glyoxal, 
dissolved in nicohol. Diacetyl^Mesotartaronttnle, 76® (B 27 , R 749) 

cbloromallif k?\^,a-Chloro p-hydroxy-succtntc Ester, HO CII(OH)CHCl CO,H, 
m p 143® and Bromomallc Acid» m p 134*** are obtained from fumaric or maldc 
acid by the addition of HCIO or HBiO (in the form of chlorine or bromine 
\«ater) When heated they decompose into water and chloro- and bromo-mal^c 
acids , wlien boiled with water they break down into CO,, the halogen acid, 
aldehyde, and a mixture of racemic and mesotartaric acid The acids are optically 
inactive If, however, d tartaric ester is treated with PCI, or PBr,, l-chloromaltc 
ester and l-bromomahc ester result (B 28 , 1291 , A 848 , 273) 

XH CO,H 

Ethylene Oxide Dicarhoxyhc Acid, Fumaryl Glyctdtc Acid, 1 , m p, 

XH CO,H 

203®, IS prepared from chloro- and bromo-malic acid by aqueous sodium 
hydroxide , HBr and HCl rf generate the original acids When boiled with water 
it breaks down into racemic and mesotartaric acids , dimethyl ester, m p 73" , 
diamde mp 225® with decomposition, dtchlortde, mp 53®, b p 4, 90-93® 
(A 348 , 299) 

Diaminosucctmc Acid, COgH CH(NH2)CH(NHi) COj|H is formed when 
the diphenyl hydi izoift of dioxosuccmic acid (p 60S) is reduced with sodium 
amalgam The o le acid corresponds with mesotartaric acid (p 604) the other with 
racemic acid (p f or) as has been proved by conversion into these acids , diethyl 
ester b p ^ 160-105° Dxacetyl Dtaminosuccintc Diethyl Ester, m p 180° (B 88, 
1589) Reaction with ont molecule of nitrous acid produces Hydroxyamino- 
succinic icid HOgC C H(NIl2)CIl(OH) COjH, mp 314-318° (C 1905,1 1890, 
see also A 848 , 307) 

Dianihnosiiccinic Ester COjCgH, CH(NHC4H5)CH(NHC4H5) COjC^Hj, m p 
149°, IS obt lined from dibromo and isodibiomo succinic ester and alcoholic 
aniline heated to 100° (B 27 , 1604) 

XH— COjC.H, 

Jntinosucci tie Monoethyl Ester, NH<f I m p 98°, is prepared 

^CH CO2H 

fiom iminosuccinic monoester amide a product of the reach on of alcoholic 
ammonia ind dibromosuccinic ester (B 25 , 646) 

Azinsuccimc Ester (COjC jHgloC Is, C2Ha(C02CgH5) is obtiined from 
diazoacetic cstti an isomcnc ester is obtained from diazosucciiuc ester (B 29 , 

763) 

X(tll,)CO,H 

Oxycitraronic Acid, 0 <^ | decomposes at 162® It is formed when 

H COjH 

wChlorocitramalic \cid m p the addition pio<lu( t of HCIO and Litraconic 
acid IS ire il d i\itli all ili hvdioxid Hydrochlouc icid changes it to p-Chloro^ 
citramalic Acid m p 162° with decomposition (A 253 , 87) 

, CHj COv 

Hydroxypuraconic Acid | ^O, m p 104®, is prepared fiom 

* HOjC C(OH) CHg 

itacoific acid (p 515) and potassium permanganate 
ClI,C(OH)COaH 

Dimethyl Racemic Acid I 4-H,0, m p 178® with decomposition, 

(OH)rOjH 

IS formed (i ) from p^ roraci mit jcid (p 407) by reduction (B 25 , 397) and (2) from 
diacetyl (p '^4*)) by the action of HNC and hydrochloric acid (B 22 , R 137) 

C Glutarlc Acid Derivatives 

afi-Dthydroxyglutaru Acid HOgC CH{OII)CH(OH)CHa COaH mp 158®, is 
formed from the bromine addition product of glutaconic acid 01 from the latter 
by permanganate An optically active form of this acid has been obtained by 
the break-down of mctasacclnropentose (p 620) (B. 38 , 3625) 

ay-Dihydroxyglutanc Acid, HOaC CH(OH)CHaCH(OH)COaH mp 120®; 
lactone acid, m p 165°, is formed from ay dihydroxyprop nc aay tricarboxylic 
acid (the oxidation product of isosaccharme, p 620) bv loss of COa (B 18 , 2576 , 

88, 3624) 
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ay-Dihydroxy-ay-dimethyl-ghUaric Acids, *^^C(OH)CHjC(OH)<^y*^» 

c> exists in two modifications, both of which arc pripared from acetyl acetone and 
hydrocyanic acid (B. 24 , 4006 ; 25 , 3221 ). The one, m.p. 98^, is obtained in enantio- 
morphous crystals from other ; the other readily passes into the lactonic acid, 
m.p. 90®, which, when heated, forms a dilactone, m.p. 105°, b.p. 2 ^$^, afi~Dihydroxy’ 
yy-dimethyl-glutaric Lactonic Acid (p. 570) ; ay~Dihydroxy-flfi-dimethyl-glutavic 
Acid, (CH,),C[CH(0H)C02H]a ; lactonic acid, m.p. 146® (C. 1901, II. 109); 
ay-Dihydroxy- and Py-trimethyLglutaric Acid (B. 28 , 2940). 


D. Adipie Acid Derivatives and Higher Homologues. 

aju-Dikydroxy adipic Acid, HOjC.CH(OH)CH,CH,CH(OH)COjH, exists in 
two forms which are produced from the corresponding axi-Dibromadipic Acids, 
m.ps. 139® and 193®, which occur together after the broraination of adipic acid 
chloride (C. 1908, I. 2021). The racemic form, m.p. 146®, is resolve d by means 

HCOO, 
gives a 

lactone lactide. 


of cinchonidine, and when heated yields a dilactone, 6 C 0 CHCH,CHj( 
m.p. 134® ; meso-form, m.p. 173®, is not resolvable, and when heated 


CH,CH(NH,)CO,H 

aat-Diamtnoadipic Acid, | , decomposes at 275®, is pre- 

CH,CH(NH2)C02H 

pared by decomposition of ethylene bis-phthalimidomalonic ester, a product 
of reaction of ethylene bromide and sodium phthalimidomalonic ester (p. 550). 
Similarly, aardtaminoptm lie acid is formed from trimethylene bis-phthalimido- 
malonic ester (C. 1908, II. 682). 


NHj.CHCH,CO,H 

BBi‘Diaminoadipic Acid, | +H| 0 . 

NH2.CHCH,C0,H 


I ■ ! I J 

The dilactam, OCCH2Cn(NH)CH(NH)CH2CO, m.p. 275®, is formed by heating 
muconic acid or muconic amide (p. 522) with ammonia to i ^5-150° ; also by reduc- 
tion of dicyanodi malonic ester, (ROaC)2.CHC(NH).C(NH)('ll(CO,R)a (p. 655), 
and subsequent hydrolysis and abstraction of CO, (B. 36 , 172). 

ofii-Diaminosuberic Acid, oxii-Diaminosebacic Acid, on^-Diamimazelaic Acid, 
are prepared from the corresponding dicarboxyl ic acid by bromination and 
reaction with two molecules of NH,. When heated they break down into CO, 
and alkylene diamines (p. (C. 1905* II- 462 ; 1906, II. 764). Dimethyl 

Dihydroxy adipic Acids are formed from acetonyl acetone and hydrocyanic acid 
(B. 29 , 819). Cineolic Acid, CioHi, 0 „ is the anhydride of a-hydroxyisopropyl 
o-methyl a-hydroxy-adipic acid, comparable to the alkylene oxides (see Cincol, 
Vol. II.). 

Dihydroxysuberic Acid and Dihydroxysebacic Acid ; see Adipic Dialdehyde 
and Suberic Dialdchydes (p. 348) (C. 1905, II. 462 ; 1907. H- 1236). 

DIhydroxy-oleflne-carboxylic Acids. 

Dihydroxymaleic Acid, nO,C.C(OH):C(OH).CO,H -1-211,0, may perhaps be 
looked on as being oxalohydroxyacetic acid, HO,CCC).CH(OH)CO,H (A. 857 , 
291). It is formed when tartaric acid is oxidized with hydrogen peroxide in 
presence of small quantities of ferrous salts in sunlight. A warm solution of 
HBr in glacial acetic acid converts it into an isomeric body, probably dihydroxy- 
fumaric acid. When heated with water it decomposes into 2CO, and glycol 

HO,C.C:CHN 

aldehyde; ammonia produces Pyraxine Dicarboxylic Acid, I .. II 

N:CHC.CO,H 

Oxidation of the sodium salt of dihydroxymaleic acid with bromine in acetic 
acid gives rise to sodium dihydroxytartrate (p. 608) ; whilst oxidation with ferric 
salts produces glyoxyl carboxylic acid (p. 545) (C. 1905, II. 456). Diacetyl 
Dihydroxymaleic Acid, m.p. 98®. See also DichJoro- and Dibromo-maleic Acids, 
and their decomposition products (p. 514) (B. 38 , 258). 
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iz. HTDROXT-KETO-DICABBOXTLIC ACIDS. 

Ethoxyoxalacetic Ester, C|H50|C.COCH(OCtH,)CO|C(H,, b.p.„ r55*, is 

prepared from oxalic * ester and ethyl glycollic ester. When distilled undex • 
ordinary presilbre it gives ethoxymalonic ester (B. 81 , 552). See also Dihyaroxy- 
malelc Acid (above). 

Nitfilosuccinic Dimethyl Ester, I > b.p... 154**, is produced 

CO,C,H, 

by the reaction of the silver salt of S-oximidosuccinic ester (p. 367) and iodo- 
ethane and subsequent distillation (B. 28 , R. 561 ; 24 , 2289). 

Glycolyl Malonic Acid] y-Hydroxyacetoacetic a-Carboxylic Acid, HOCH*- 
CQCH(CO|H)t, is a hypothetical acid, from which is derived Tetronic a-Carboxylic 


ester, OCH|COCH(CO,R)io ; methyl ester, m.p. 172® with decomposition ; ethyl 
ester, m.p. 125®. The substances are prepared from sodium malonic ester and 
acetyl glycollic chloride or chloracetyl chloride, of which the desmotropic 


aci-form, (!)CH,C(OH):C(CO,R)CO, are strong acids like tetronic acid itsell 
(p. 544) into which they pass on hydrolysis and loss of COg. Sodium cyan- 
acetic ester and chloracetyl chloride produce Chloracetyl Cyanacetic hster, 
ClCHgC0CH(CN)C02l4; methyl ester, m.p. 73® ; ethyl ester, 43®. The silver 
salt and iodoethane yield the O-ethyl ether of the aci-form, ClCHaC(OC2n5):- 
C(CN)COgCgH5, m.p. 94®, which with ammonia gives the irwiwo-compound , 
ClCHg.C(NHg):C(CN)COtCH5, m.p. 129®. The sodium salt of chloracetyl 
cyanacetic ester, however, reacting with ammonia forms a lactone — Cyanoketo- 


pyrrolidone, NHCHgCOCH(CN)CO, m.p. 221® with decomposition (B. 41 , 
2399)- Homologous with the tetronic carboxylic esters is Carbotetrinic Ester, 

icH,COCH(CH2COgC,Hg)CO, m.p. 96®, which results from distillation of 
bromacetosrjccimc ester. 


a-lieto-y-valerolactone yCarboxylic Acid, 


CH3C(COaH)CHa> 


i- 


-CO 


*^CO, m.p. 117*, 


results from the spontaneous decomposition of pyroracemic acid (p. 407), or 
more quickly under the influence of hydrochloric acid. It reacts also in the 
tautomeric enol-form, yielding a-phenylhydrazone, which, on cleavage of the 
lactone ring and loss of water passes into phenyl methyl pyridazone carboxylic 
CHgC— CH C.COgH 

acid, I II (Vol. II.). Alcoholic hydrochloric acid converts 

C0N(C.H5)N 

the keto-valerolactone acid into y-Methyl Ketoglutaconic Ester, CHjC(COgC8Hj):- 
CH.COCOaCgHj, b.p.j, 183®, whilst hot strong hydrochloric acid produces 
pyrotartaric acid (p. 493) (A. 317 , i ; 319 , 121 ; C. 1902, II. 508 ; 1904, II. 193). 

CgH5C(COgH).CHCH, 

a-Keto-^-methyUycaprolactone-y-caid)oxylic Acid, \ | , m.p. 

O— CO— CO 

128®, i^ produced from o-methyl oxalacetic ester (p. 567) by 70-80 per cent, 
sulphuric acid (B. 35 , 1626). 


12. DIKE'rONE DICARBOXYLIC ACIDS 

/ C(OH),.CO.H 

V Dlhydroxytartaric Acid, | . ni.p. 98® with decomposition, is ob- 

* C(0H)8.C0,H 

tained (i) when protocatechuic acid, pyrocatechin, or guaiacol (Vol. II.), in 
ethereal solution, is acted on with nitrous acid ; (2) by oxidation of dihydroxy- 
malcic acid ; and (3) by spontaneous decomposition of nitrotartaric acid (see 
A. 302, 291, footnote). 

It was formerly regarded as carboxytartronic acid, C(OH)(COgH),, Its 
formation from the benzene derivatives jn.st cited is proof for the assumption that 
in benzene one carbon atom is combined with three other carbon atoms. However^ 
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KekuU removed the basis from this assumption when he showed that the body 
supposed to be carboxytartronic acid could also be made from nitrotartaric 
add by the action of an alcoholic solution of nitrous acid, and then by reduction 
be converted into racemic and mesotartaric acids. He therefore named it dihy- 
droxytartaric acid, for it sustains the same relation to tartaric acid that glyoxylic 
acid bears to glycollic acid, and mcsoxalic acid to tartronic acid (A. 221, 230). 
Glyoxal is formed when sodium dihydioxytartrate is acted on with sodium 
hydrogen sulphite. The sodium salt, C4H40,Na9+2H|0, is a sparingly soluble 
crystalline powder, which can be employed for precipitating the acid and for 
the estimatmn of sodium (C. 1898, 1. 688). Other salts (C. 1898, II. 276 ; 1905, 

II- 397). 

The dihydroxyiartaric esters are not known. Dihydroxy ketosuccinic Diethyl 
Ester, C0|C,H*.C(0H)aC0.C02C2H5. m.p. 116®, is, however, known, consisting of 
colourless crystals, produced on adding water to Diketosucctnic Diethyl Ester, 
COjCjHg.COCO.COjCsHj, b.p. 230°, b.p.,8 116®. 084=11896, and subsequent 
distillation under diminished pressure. Hydrochloric acid acting on sodium 
dihydroxytartaric acid suspended in alcohol produces the dioxosuccinic diethyl 
ester. It is a thick liquid with an orange-yellow colour (B. 25, 1975) (comp, 
a-diketones, p. ^49) When it is boiled under a reflux condenser CO splits ofl, 
and oxomalonic ester (p. 5CM) and oxalic ester result (B. 27, 1304). 

Oximes. Dioximtdosuccinic Acid, H08C.C(N0H)C(i'f0H).C08H, and its 
esters have been obtained in different stereomeric forms (C. 1908, I. 1042, etc.). 
The dioxime anhydride, Furazan Dtcarboxylic Acid (i) is prepared by oxidation 
of dimethyl furazan (comp. p. 355) ; the dioxime peroxide of the ester (2) from 
isomtroso-acetic ester (p. 405) or isonitroso-acetoacetic ester (p. 546) and nitric 
acid. It is an easily decomposable oil (B. 28, 1213). 


/N=C— CO,H 
(I) , 

^N=C— CO,H 


O— N=C— CO,R 
r-co.R 


(2) I 

0— N = 


Hydrazones. Hy dr ozone Pyrazolone Carboxylic Acid (i) and Pyraxolono~ 
pyrazolone (2) niiy be taken as being the lactazam and dtlactazam (comp. p. 406) 
of the mono- xind dxhydrazone of di ketosuccinic acid (see Vol. II.). 


.N=C.CO,H 

(I) I 

^CO-C=N.NH, 


(2) NH 


,N=C CO, 

'^CO.c!=n/ 


/ 


>NH 


Diketosucctnic Ester Monophenylhy dr ozone, C4HjNH.N:C(COtCfH5).CO.- 
COsCgHs, m.p. 73®, is formed from oxalacetic ester (p. 566) and diazobenzene. It is 
converted into the stereomeric Hydrazone, m.p. 127®, by sodium a]coholate(C.i904, 
1 . 580). The osazone of diketosuccinic acid readily passes into the lactazam. Phen yl- 

hydrazone Phenylpyrazolone Carboxylic Acid, C4H4ll‘.N:C(C08H)C(NNHC4H5).io, 
the basis of the dye tartrazine. Diketosuccinic Diethyl Ester Osazone [C4H4NHN:- 
C(C08C8H|)]8 is known in three modifications, a-, m.p. 121°; j8-, m.p. 137®; 
y, m.p. 175®. The a-form gradually passes spontaneously into the -substance, 
a change which is accelerated by iodine or sulphur dioxide. All three forms are 
readily converted into pyrazolone compounds. 

Oxalodlaoetlo Acid, Kehptc Acid, HOgCCHi.COCO.CHiCOiH, is precipitated 
from the ester by concentrated hydrochloric acid, as a white insoluble ix>wder. 
Heat decomposes it into 2CO2 and diacetyl. The ester, CaHjOjCCHj.COuD.CH*- 
COsCaHf, m.p. 77°, is prepared, similarly to oxalacetic ester (p. 566) from a 
mixture of oxalic ester and two molecules of acetic ester by the action of sodium 
(B. 20, 59X) ; also, from oxalic ester and chloracetic ester and zinc (B. 20 , 202). 
An alcoholic solution of the ester is given an intense red coloration by ferric 
chloride. Chlorine and bromine produce ietrachlor- ejid-tetrabrom-oxalodiacetic 
ester. The first, known as Tetrachlorodiketoadipic Ester, is also obtained by the 
action of chlorine on dihydroxyquinone dicarboxylic ester (B. 20, 3183). The 
osazone of oxalodiacetic ester can be converts into di^i-phenyU'^,^’i>is'^yraxolon$ 
(Vol. II.) (B. 28, 68). 

a-Oxulacetoacetic Ester, HO2CCO CH(COCH8)C02H, is not known, but a deri- 
vative, a-CyaniminomeihylaceHc Ester, NCC(NH)CH(C0CH8)C02C2H5, m.p. T22®, 
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has been prepared from dicyanogen and acetoacetic ester by the action of 
sodium ethomde (comp. p. 4x7). Adds or secondary amines convert it into 
the various posdble desnfotropic^modifications of the enol t>^, into two isomeric 
forms, m.ps. 175^ and 2x1^, and with absorption of water into a-acetyl jS-tmtfio- 
succinamic ester, and finally into a-aceiyl p-iminosuccinimide (A. 882, 104). 

Y~Oxalo~a-dimethyl-acetoacetic Ester, C,H jOjC.CO.CH aCOC(CHa)aCOtCtH ^ 
is obtained by condensing oxalic ester and a-dimethyl acetoacetic ester. Vi^en 
distilled under ordinary pressure there is a partial loss of CO. The free acid, 
m.p. 180® with decomposition, into CO, and (CHa),CHCO.CH,COCO,H. Oxah- 
dimeihyUacetoacetic Ester, C,H,0,C.CO.CH,C(C,H,),CO,C,H|, b.p. 275-285^ 
with decomposition, into CO and a-dimethyl acetone dicarboxylic ester (p. 569). 
These esters are in general similar to oxalacetic ester (B. 88, 3432). 

he-Oxdtolavtilimc Acid, ye-Diketopimelic Acid, HO,C.CO.CH,COCH,CH,COtH, 
m.p. 100-125®, is obtained from its ethyl ester, m.p. 19®, the condensation product 
of oxalic ester and lacvulmic ester by warming the two esters with sulphuric 
add. When heated the acid breaks down into CO,, CO, and laevulinic acid. 
Reduction produces n.-pimelic acid (B. 81, 622). 

aju.x~Diketopimehc Acid, CH,(CH,COCO,H),, m.p. 127®, is obtained from 
methylene bis-oxalacetic ester by hydrolysis and loss of CO,. '\^en treated with de- 
hydrating agents there informed Pyran Dicarboxylic Add, CH,<^^ «C(CoIh)^^' 

decomposes at 250° (Vol. II.) (C, 1904, II. 602). 

hym.-Diacetyl- or Diacetosuccinic Ac%d, CgllioO, ; ethyl ester is formed by 
electrolysis or the action of iodine on sodium acetoacetic ester (A. 201, 144 ; 
B. 28, R. 432) : 

CH3CO.CHNa.CO2U CH,CO.CH.CO,R 

-fi, » I +2 Nal. 

CHsCO.CHNa.C'O^R CH3CO.CH.CO3R 

Theory demands the existence of 13 isomeric fonns of this body — two optically 
active, ^and two optically inactive keto-forms, three cis-trans isomers of the 
double enol-form, and four optically active and two racemic mixed keto-cnol- 
forms. Of the seven optically inactive modifications, five are known : fi and y- 
keto-forms, m.ps. 90® and b8®; ai-, a,-, and a,-enol-forms, m.ps. liquid, 21® and 
31® (A. 306, 332). When heated or acted on by acids, diacetosuccinic ester 
is converted into carbopyrotritanc ester (a derivative of furfurane) ; ammonia 
and the amines produce pyrrole derivatives — a reaction which serves to identify 
the substance (B. 19, 46). Phenylhydrazinc reacts as it does with acetoacetic 
ester, forming a bis-pyrazolone derivative (A. 238, 168). 

When boiled with potash solution the ester undergoes the ketonic change 
into CO, and acctonyl acetone (p. 350)- 

nnsym.-Dtacctosuccinic Ester, (CH,CO),C(CO,C,H5)CH,CO,C,H5, b.p. 275, 
is formed from sodium acetosuccinic ester and acetyl chloride (J. pr. Ch. [2] 65, 
532). 

• CHaCO.CHCOjH 

oB-Diacetoglutaric Acid, | . Its diethyl ester is obtained 

• CHaCO.CHCH,CO,H 

from sodium acctoacctic ester and ^-bromclaevulinic ester (p. 423). Being a 
y-diketone compound, it unites with ammonia and forms a pyrrole derivative 
(B. 19, 47). 

CH,CO.CH C0,C,H5 

ay • Diacetoglutanc Ester, >CH, , is formed from form- 

CHjCO.CH CO,C,H, 

aldehyde and acetoacetic ester in the presence of small quantities of a primary or 
secondary amine {Knoevenagel, A. 288, 321 ; B. 31, 1388). It passes readily into 
a tetrahydrobenzene derivative. The p-alkyl-ay-diacetoglutaric esters prepared 
from the homologous aldehydes behave in a similar manner. 

CH,CH(COCH,).CO,H 

oB-Diaceto-adipic Acid, I • Rthylene bromide acting 

CH,CH(OOCH,).CO,H 
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on two* molecules of sodium acetoacctic ester, forms its diethyl ester. Phenyl- 
hydrazine converts it into a bis-pyrazolone derivative (B. 19 » 2045). 

Diaceto-dimethyl-pimihc Acid (B. 24 » R. 729]. ' \ 

CH,COCHjCH,CO,H 

DilavMnic Acid, [4,7-Dccane dione diacid,] \ , results 

CHgCOCHaCHjCOaH 

when alcoholic hydrochloric acid acts on 8-furfural Iccvulinic acid (A. 294 ^ 167). 

Iodine converts disodium diacctosuccinic ester into diacetofumaric ester, 

CHjCO.CCOaR 

II . m.p. 96® (B. 30 , 1991)- 
CH,CO.C.COaR 

Methenyl Bis ^ acetoacetic Este), 
ethoxymethylene acctoacctic ester (p. 546). 

13. HYDROXYTRICARBOXYLIC ACIDS 

Citric Acid, Hydroxytricarhallylic Acid {Acidum citricum), CO2H- 
CH2.r(0H)(C02H).CH2C02H+H20, m.p. (anhydrous) 153°, occurs 
free in lemons, in currants, in cranberries, in beets, and in other acid 
fruits. It is obtained on a commercial scale from lemon juice, and by 
the action of certain fermints, such as Citromycetes pfefferianus and 
glabtr (B. 26 , R. 696 ; 27 , R. 78, 448). 

The acid can be prepared synthetically from ) 3 -dichloracetone ; 
this is accomplished by first acting on the latter compound with 
hydroc^^anic acid and hydrochloric acid, whereby dichlorohydroxyiso- 
butyric acid is formed, which is then treated with potassium cyanide 
producing a cyanide, which is hydrolyzed with hydrochloric acid : 


CH,C 1 

CH.Cl 

CIl.Cl 

CHaCN 

CH,CO,H 

1 

CO — 

1 

-> C(OII)CN — 

1 

C(OH)CO,H 

1 

1 

— (I:(oii)co,H - 

— > C(OH)CO,H 

j 

CHjCl 

1 

CHjCl 

CH2CI 

CIIjCN 

CH,CO,H 


Further, citric acid is formed from acetone dicarboxylic ester, 
C0(CH2.C02R)2 (P- 568), by the action of HNC and hydrochloric acid : 
sym.-citric dimethyl ester amide and sym.-citric dimethyl di-ester 
(p. bii) are obtained as intermediate substances : 

CH.-COjCHa CHj.COaClI, CHa.CO.CHa CHa.CO,CH, CHj.pO.H 

CO ->C(OH)CN ->l:(OH)CONHj -X:( 0 H).C 02 H ->C(Olf)CO,H 

III II 

CHj.COjCHa CHaCO.CHa CHjCOaCHj CHa-COaCH, CHaCOaH 

Properties . — Citric acid crystallizes in large rhombic prisms, which 
dissolve in 4 parts of water of 20®, the anhydrous acid crystallizes 
mostly anhydrous fiom its solutions (B, 36 , 3599). It readily dissolves 
in alcohol and with difficulty in ether. The aqueous solution is not 
precipitated by milk of lime when cold, but on boiling the tertiary 
calcium salt separates, which is insoluble, even in potassium hydroxide 
solution (see Tartaric Acid). 

When heated to 175® citric acid decomposes into aconitic acid 
(p, 594.). Rapidly heated to a higher temperature aconitic acid breaks 
^wn into water and its anhydride acid, which changes to CO2 and 
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itaconic anhydride, and the latter in part to citraconic anhydride (B. 
13, 1541). Another portion of the citric acid loses water and CO2, 
becoming coilveiied thereby into acetone dicarboxylic acid, which 
immediately splits into 2CO2 and acetone : 


CH,CO,H 

C(OH)CO,H- 

CHjCOjH 



CHCOjH 

II 

CCO~v 

CHjCo/^ 

CH, 


CH.cojr 


CH, 



It breaks up into acetic and oxalic acids when fused with potassium 
hydroxide, and by ofcLdalion with nitric acid. Acetone dicarboxylic 
acid (p. 568) is produced when citric acid is digested with concentrated 
sulphuric acid, and when oxidized with permanganate (C. 1900, 1. 
328). 

Salts. — Being a tribasic acid it forms three series of salts, and also two different 
mono- and two different di-alkali salts (B. 26 , R. 687). 

The calcium salt, (C,lIs07)2C'a3-l-4Ha0, is precipitated on boiling. 

Esters. — Tnmethyl Ester, m p. 70°. b.p-n 176°; dimethyl ester, citric dimethyl 
acidester, CH,(COaCHa^C{OHKCOsH)CTr,CO,CHj. m.p. 126®. is formed by partial 
esterification of the acid. It crystallizes with i molecule of water and is 
difficultly soluble »n cold water (B. 35 , 2085). Acetocitric 'I'rimethyl Ester, b.p.,, 
171®, is dccompo‘^cd by distillation at ordinary pressures into acetic acid and 
aconitic ester (B. 18 , 1954). sym.- Acetocitric Dimethyl Acid Ester, m.p. 75®; 
amide, m.p. 109® (B. 88, 3194). Acetocitric Anhydride, m.p. 121° (B. 22 , 984), 
decomposes on distillation at ordinary pressures into CO*, acetic acid, and 

,0.C(CH,C02H)2 

citraconic anhydride. Methylene Citric Acid, CHa<^ | , m.p. 208®, 

^O.CO 

is prepared from citric acid, formaldehyde, and hydrochloric acid ; or from 
formaldehyde derivatives (C. r902, I. 299, 738 ; 1908, I. 1589). 

Methoxycitric Acid, (CH30)C(CO,H)(CHaCOaT-I)8. m.p. 131® ; trimethyl ester, 
b.p.ia 165®, is prepared from citric trimethyl ester, iodomethane, and silver oxide 
(A. 327 , 228). 

Citramidef C,H4(OH)(CONHa)3, when heated with hydrochloric or sulphuric 
acid, is condensed to citrazinic acid, %ym. -aconitimide acid, dihydroxy pyridine 
carboxylic acid (p. 505) (B. 17,2687 ; 23 , 831 ; 27 , R. 83). sym.-Cifric Dimethyl 
Ester Amide, NnaOC.C(OH)(CHaOaCHj)j, m.p. 107®, is prepared from the nitrile. 
Acetone Dicarboxylic Ester Cyanhydrin, m.p. 53®, and reacts in concentrated 
sulphuric acid with sodium nitrite to form sym.-citric dimethyl ester (p. 610). 
Benzoyl Citrimide Ethyl Ester, m.p. 115", is prepared from Citric Diethyl Ester 
Amide, m.p. 74®, and benzoyl chloride. It is decomposed in the cold by aqueous 
sodium hydroxide into benzoic acid and asym.-aconitimido-acid (p. 595) which is 
isomeric with citrazinic acid (sec above) (B. 38 , 3193) •’ 

C,HgO,C.CHa..C(OCOC.H.)COv HO.C.CH =C—COv 

I >NH > I >NH+H 0 ,C.C 4 H.. 

CH, CO^ CH.CO'^ 

Isocitric Acid, CO,H.CH(OH).CH(CO,H).CHaCO,H (see Trichloromethyl 
Paraconic Acid, p. 557), readily passes into a y-lactone dicarboxylic acid', ester, 
b.p.i4 149®, is formed by reduction of oxalosuccinic ester (A. 285 , 7). 

a-Methyl Isocitric Acid, CO,H.C(CH,)(OH).CH(CO,H).CH,CO,H, is formed 
from acetosuccinic ester, hydrocyanic, and hydrochloric acids. When separated 
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from ite salts it immediately changes into fiydicarhoxy-y^aierolactone, which is 
also formed by oxidation of isopropyl succinic ^acid or pimelic acid, and from 
terebic acid by the oxidizing action of nitric acid. WHen heatefl it decomposes 
into HjO, CO., and pyrocinchonic anhydride (B. 82 , 3861). 

(CH,),C CH.CO,C,H, 

•/-Dimethyl Butyrolactone aR-Dicarhoxylic Ester, | | , m.p. 

0.C0.CH.C0,C,H5 

46®, b.p.,, 174®, is prepared from ^-methyl glycidic ester (p. 539) and sodium 
malonic ester. When boiled with hydrochloric acid, it yields terebic acid (p. 558) 
(C. 1906, II. 421). 

aja-Dimethyl y-Hydroxytricarballylic Lactone Acid (B. 80 , i960}, is formed from 
oa-dimethyl tricarballylic acid (see decomposition products of pinene (Vol. II.). 

Cinohonle Acid. HuU'nyl h-Hydroxy-a^-tricarboxyhe Lactone, m.p. 168® (A. 
234 , 85; B. 25 , R. 904), is produced when sodium amalgam acts on cincho< 
meronic acid or py pyridine dicarboxylic acid. When heated to 168® it breaks 
doum into CO2 and pyrocinchonic anhydride (p. 518); 

N CH =C.CO*H O CH,— Cn.COaH 

CII — CJi -rCO^ll CO CHa— CH.CO^H 

Cmch<?iiu roiiic Acid. Cinchonic Acid. 


14. KETONKTRTCARBOXYLIC ACIDS 

Carhoxethyl Oxalaceiic Ester, Oxalomalonic Ester, CjHjOaC.CO.CH- 
(COjCallala, b.p.,® 220®, is obtained from sodium malonic ester and ethyl oxalyl 
chloride (C. 1898, I. 440). Nitrogen derivatives of carboxy-oxalacetic acid 
include Dicyanomalonic Ester, p-cyafto-y-imido-isosucnnic ester, NC.C(NH)CH- 
(COjCjHj),, m.p. 93®, which is prepared from dicyanogen and malonic ester 
by means of sodium methoxide (p. 4S8). It can be hydrolyzed to bicyano- 
malonic Mono-ester, m.p. 238®, and Smido-oxalomalonic Mono-ester, m.p. 134® with 
decomposition, is reduced by sodium amalgam to a-Asparigine Carboxylic Acid, 
NH2C0CH(NH*)CH(C0,H)2, m.p. 120® with decomposition (A. 832 , 118. 
a-Cyanoxalacetic Ester, CjH50sC.C0CH(CN)C02C2H5, m.p. 96®, is formed from 
oxalic mono-ester chloride and sodium cyanacctic ester. It is a strong acid 
(C. T905, I- 1312)- 

Acetone Tricarboxylic Ester, C,H50jC.CH*C0CH(C0jC,H5)„ is formed from 
malonic ester and sodium (p. 4S&). Cyanacetone Dicarbos^ylic Ester, C,H, 0 ,C.* 
CH,C0CH(CN)C0*C2H5, m.p. 44®, is prepared from sodium acetone dicarboxylic 
ester and cyanogen chloride. Double decomposition of its salts with iodo- 
alkyls produces O-alkyl ethers of the unsaturated enol form (C. 1901, I. 883). 
ay -Dicyanacetoacetic Ester, NC.CIIaCO.CH(CN)COtCaH5, m.p. 88®, is prepared 
from chloracetyl cyanacetic ester (p. 607) and potassium cyaiiide (B. 41 , 

2403)- 

Cal I* 0 ,C.C 0 .CHC 0 ,C,H 5 

Oxalosuccinie Ester, | , b.p.,, 155®, is obtained from 

CH.COaCaH* 

oxalic and succinic esters and sodium ethoxidc. Heat at ordinary pressure 
decomposes it into CO and ethenyl tricarboxylic ester (p. 592) (B. 27 , 797). 
Since it is a j8-kctonic acid its alcoholic solution becomes coloured red with ferric 
chloride and forms a pyrazolone derivative with phenylhydrazine (B. 27 , 797 ; 
A. 235 . i). The sodium salt of the ester reacts with iodo-alkyls, producing the 
O-ester of the enol modification. Hydrochloric acid decomposes it into CO, and 
a-ketoglutaric acid. HOaC.CHgCHaCO.COaH (comp. p. 568) (C. 1908, II. 768). 

a-Acetotricarballylic Ester, CH,CO.CH(CO,C,H,)CH(COaC,H,)CHt(CO,C,Hi), 
b.p., 175®. is formed from chlorosuccinic ester or fumaric ester and sodium aceto- 
acetic ester (B. 23 , 3756 ; C. 1899. I. 180). 

p-Acetotricarballylic Ester, C2H50iCCHiC(C0CH,)(C0tC,H,)CH,C0,C,Hg, 
b.p.ti, X90®, is prepared from sodium acetosuccinic ester and chloracetic ester ; 
also it results as a subsidiary product during the formation of acetosuccinic 
ester (A. 296 , 94)- (See also a-Acetoglutaric Acid, p. 570.) 


CH,.C.COv 

II >0 

CHgCCCK 

Pyiocinrhonle 

Anhydride. 
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Oleflnf Ketotrlearbozyllo Aeids. 

a-Ae«t»eoHitif Ester. •(.^^>CH.C(CO,C,H,):CH(CO,C,H,), is formed by 

the reaction of chlorofnmaric ester, chloromalcic ester or acetylene dicarbozylic 
ester with sodium acetoacetic ester (C. 1900, II. 92), 


15. TETRACARBOXYLIC ACIDS 
A. PARAFFIN TETRACARBOXYLIC ACIDS 

Formation. — (i) By the action of iodine on sodium malonic esters. (2a) 
From the sodium derivatives of malonic esters and alkylene dihalogenides or 
halogen malonic esters. (2b) From sodium tricarboxylic esters and halogen 
acetic esters. (3) By the addition of sodium malonic esters to the esters of 
nnsaturated dicarboxylic acids, etc. Usually they are only known in the form of 
their esters. 

sym. - Ethans Tetraearboxylio Add, Dimalonic Add, (COsH)aCH — CH-^ 
(COOH)a, m.p. z68*.«r heated to higher temperatures becomes ethylene 
succinic acid. It is obtained from its ester by means of sodium hydroxide (B. 25 , 
1158). The ethyl ester, m.p. 76**, b.p. 305^ with decomposition, is produced by 
electrolysis (B. 28 , R. 450) ; by the action of chloromalonic ester and of iodine 
on sodium malonic ester ; and by heating dioxalosuccinic ester (p. 656) Potassium 
hydroxide hydrolyses it to ethane tricarboxylic acid with the elimination of CO2 
(p. 392). See B. 28 , 1722, for the dihydrazide. 

Sodium ethoxide converts ethane tetracarboxylic ester into a disodium 
derivative, which yields tetrahydronaphthalene tetracarboxylic ester (B. 17 , 
449) with o-xylylene bromide, 0*114(011 ,Br)j. 

Ethyl Ethane Petra carboxylic Ester, B. 17 , 2785. 

Dimethyl Ethane Tetracarboxylic Ester, B. 18 , 1202 ; 28 , R. 451. 

Diethyl Ethane Tetracarboxylic Ester, B. 21 , 2085 ; 28 , R. 452. 

Alkylene Dimalonic Acids. — ^Methylene,- ethylene-, and tiimethylene-dima- 
lonic acids are, for practical reasons, included in this class. Their ethyl 
esters are produced when methylene iodide, ethylene btomide, and trimethylene 
bromide act on sodium malonic esters ; also, by the action of aliphatic aldehydes 
on malonic ester in tlie presence ot diethylamine, piperidine, and similar bases. 
In the latter case, the corresponding aldehyde amines are formed as intermediate 
compounds, such as methanol piperidine, CH2(OH)(NC4Hio)* or methylene bis- 
piperidine, CHa(N05xTio)„ which react with malonic ester to form alkylidene 
dimalonic esters. 

Methylene Dimalonic Ester, Dicarboxyglutanc Ester, p-Propane Tetracarboxylic 
Ester, 0H*[CH(0O2C2Hg)a]2. h.p.i, 205®; dimethyl ester, m.p. 48®, is formed 
(i) from formaldehyde or methylene iodide (B. 22 , 3294 ; 27 , 2345 ; 31 , 738,' 
25S5), and malonic ester; also (2) by reduction of ) 3 -propylcne tetracarboxylic 
ester (]^ 28 , R. 240). Ammonia produces the tetramide, CH,[CH(CONH*),]j. 
m.p. 249®, which, when heated above its melting point, passes into the dttmide, 
CHs[CH(COs)NH]g (J. pr. Ch. [2] 66, i). Sodium alcoholate and iodo-alkyls 
produce methylene dialkyl malonic ester, from which oai-dialkyl glutaric acids can 
be obtained by decomposition. 

Ethylidene Dimalonic Ester, CHa.CH.[CH(COaCaH4)J,, is produced by the 
union of ethylidene malonic ester (p. 50S) and sodium malonic ester. 

Ethylene Dimalonic Ester, Butane Tetracarboxylic Ester, (COjCjH,),- 
CH — CHg.CHg — CH(COtC,H,)j, is formed together with cyclopropane dicar- 
boxylic ester when ethylene bromide acts on sodium malonic ester (B. 19 , 
2038). 

See, further, trimethylene i,i-dicarboxylic acid and hexamethylene x,z.4,4, 
tetracarboxylic ester (Vol. II.). Its di-sodium compound reacts with di-iodo- 
methane to form cyclopentane-i,x,3»3.’tetracarboxy]ic ester (Vol. II.) (B. 81 , 
195 <’)- 

All^l Butane Tetracarboxylic Ester, B. 28 , R. 300, 464. 

Trimethylene Dimalonic Ester, PepUine Tetracarboxylic Acid, (COtCtHg)g- 
CH— CHs.CHt.CH| — CH(COgCaH4)3i, formed, together with cyclobntane 
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dicar^xylic ester {q.v.) in the action of trimcthylene bromide on two 
molecules of sodium malonic ester. See also hexamethylene-i,i,3,3,-tetra- 
carboxylic ester (Vol. II.). * 

It is noteworthy that the disodium derivatives of the alkylene dimalonic esters 
are converted by the action of bromine or iodine, or of CHglg and CHgBr.CHgBr, 
into cycloparaffin tetracarboxylic esters. The alkylene dimalonic acids split off 
two COg-groups and yield alkylene diacetic acids ; so, too, the cycloparaffin 
tetracarboxylic acids, obtained from the alkylene dimalonic acids, yield cyclo- 
paraffin dicarboxyl ic acids : 

CHCCOgCgHJg /C(COgCgH,), XHCO.H 

CH,/ - -> CH,<; I > CH,< I 

N:(co,c,h,), x'hco,h 

Methylene DimalOmc Acid. Trimelhykne Tctraoar- Trimethylenc Dicarboxylic 

boxvlic Acid. .Acid. 


CH,CH(CO,C,H,), 

Ethyl) IK 1 nam.ilonic Acid 

/CH,CH(CO,C,H,), 

CH,/ 

'(■ii,(ii(co,c,n,). 

Tunic ihvlrae Diamlonic Acid. 


CHjC(CO,C,H,), 


CH,CHCO,H 


CH,C(CO,C,H,), 

Tetr.uneihylone T«*trd) ar- Tfti.i*,) thyj' no Dicarboxylic 
boxylic Acid. AlijI, 


/CH,C(CO,C,H.), 
CH / I 

\CH,C(CO,C,H,), 

Pcntamcthylcne Tetracar- 
boxylic Acid. 


XH,-— CIICOgH 
^Cii/ I 

'CH,— CHCOjH 
Pentamethyleue Dicarboxylic 
Acid. 


Pyopane ’■Tetracarboxylic Acid, Malonic Diacetic Acid, (UOtC)gC(CHg- 
C02H)2, m.p. 151® with decomposition into CO, and tricarballylic acid (p. 593) ; 
ethyl ebier, b.p. 200, 295°, is prepared from sodium ethane tricarboxylic ester 
and chloracctic acid. 

Tetiacaiboxylic acids are formed by the addition of sodium malonic and sodium 
alkyl malonic esters to the olefine dicarboxylic esters. These acids lose COj 
and become tricarballylic acids (p. 593) (J. pr. Ch. [2] 35 , 349; B. 24 , 31 1 ; 
24 , 288c) ; 26 , 364). If citraconic ester be added to sodium malonic ester and 
sodium alkyl malonic ester, a further partial ccmdensation takes place of the first 
formed tetracarboxylic ester to Tricarboxylic Ester (Vol. II.) (B. 33 , 

3742) : 

CO2R CHgCOjR CO -CHCO2R 

I I — ^ I I 

RO,C.CU C(CII,)CO,R ROjC.CH— C(Cri,)(0,R. 


Propane aa^y - Tetracarboxylic Ester, (C02CgH5)aCH.CH(C0jCjH5).CHj - 
CO2C2II5, b.p. 203®, is obtained (i) from fumaric ester and sodium malonic 
ester (comp, cthylidene dimalonic ester) ; {2) from monochloiosuccinic ester and 
sodium malonic ester (B. 23 , 3756 ; 24 , 596). Tricarballylic acid is produced 
when the ester is hydrolyzed with talcoholic potassium hydroxide. - 

a-Ethyl Tropane aapy-Tetracarhoxyltc Ester is formed from sodium ethyl 
malonic ester and fumaric ester. It yields a sodium salt, (C2H50|C)aC(C2H5).- 
CH(C02C2HB).(TlNa(C02C2H,), which, with iodomethane, gives a-ethyl y- 
methyl propane anpy-tetracarboxylic ester (comp. p. 593) (B- 33 , 3743). 

aa-Dimethyl p-Cyanotricarballylic Ester, b.p. ,5 234 **. is prepared from sodium 
cyanosucciiiic ester (p. 5()2) and bromisobutyric ester (C. 1899, I. 826). Boiling 
dilute hydrochloric acid hydrolyzes it to aa-dimethyl tricarballylic acid (p. 594). 

Butane a^yh-Tih(f carboxylic Acid, CH2(C02H)CH(C02H)CH(C02H)CH2. - 
(COgH). m.p. 244®, is prepared from a-malonic tricarballylic acid. Its dianhydride 
m.p. 173® (B. 26 , 364 , 28 , 882). 

Methylene Dtsuccinic Acid. CH,[CH(C02H)CH2(C02H)]g, m.p; 216® with 
decomposition (C. 1902, II. 733). 

HOgC.CHjv .CHg.COgH 

Trimethylene Disuccinic Acid, ^CH.[CH2l2.CH<; , m.p. 

\CO,H 

159®, is produced when hydrochloric acid effects the hydrolysis of tiimethylene 
dicyanosuccinic ester, the reaction product of trimethylene bromide and sodium 
cyanosuccinic ester (C. 1399, 1 . 326). 
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B. OLEFINE TETRACARBOXYLIC ACIDS 

• • 

Ethylene ^etracarboxylic Ester, (CaH, 0 ,C)jC=C(CO,C,H,)„ m.p. 58®, b.p. 
325®, is formed from disodium malonic ester and iodine ; from chloromalomc 
ester and sodium ethoxide (B. 29 , 1290); and from bromomalonic ester and 
KaCOs or tertiary bases (B. 32 , 860 ; 34 , 2077). 

Dicarboxyl Glutaconic Acid, Propylene oayy-Tetracarboxylic Ester, Methenyl Bis~ 
malonic Ester, (CaH50aC)2CH.CHs=C(COaCaHa)a, is formed from sodium malonic 
ester and chloroform or carbon tetrachloride (B. 35 , 2881). It is an oil, which 
is converted by the action of piperidine in benzene solution into two 
modifications, m.ps. 103® and 88® ; these are transformed into the sodium salt 
of the ordinary ester by sodium alcoholate. The ester melting at 103® is 
hydrolyzed by liydrochloric acid into the bimeric glutaconic acid, m.p. 207® 
(p. 521), whilst the ordinary ester, similarly treated, yields the single glutaconic 
acid, m.p. 1 39® (B. 34 , 6757). Reduction with sodium amalgam produces the 
fluid dicarboxyl glutaric ester (p. 613). When heated it passes into the h-lactone, 
m.p. 94°, by lo.ss of alcohol (B. 22 , 1419 ; 26 , R. 9 ; A. 297 , 86), 


CjHsOaC.CH.COjCjH, 

I • -C,H,OH 

CH ^ 


C,H, 0 ,C.C=C. 0 C,H, 

CH I) 


C,H,0,C.C.C0,C,H, c,ii,o,c.c— (io 

Aqueous alkali hydroxide decomposes it into formic acid and malonic acid, 
together with glutaconic acid (p. 520) (B. 27 , 3061 ; C. 1897, I- 29, 229) (comp, 
also isoaconitic (p. 595). Ammonia, hydrazine, and hydroxylamine causes the 
splitting off of a malonic ester from the dicarboxyl glutaconic ester molecule, 
wi*creby a cyclic derivative of hydroxymethylene malonic ester is formed (p. 561). 
Aniline combines with it at o® in ethereal solution to form fi~AnilinO’dicarhoxyU 
glutaric Lster, m p. 46®, which, by further action of aniline, undergoes the decom- 
position described above ( 13 . 30 , 1757, 2022). When sodium dicarboxyl glutaconic 
ester is heated with alcohol to 150®, Irimesic acid (Vol. II.) is formed, a reaction 
which probably also depends on primary formation into hydroxymethylene 
malonic acid (C. 1901, II. 822). 

cy-DicyanogMuconic Ester, m.p. 178*, 

and ay-Dicyanoglutaconic Amide are formed from chloroform or carbon tetra- 
chloride and sodium cyanoacctic ester or sodium cyanacetamide respectively 
(C. 1H98. I. 29, 37 : B. 26 , 2881). 

Propylene npyy- retracarboxylic Acid. A derivative of this is a-Cyanaconitic 
Ester, CNCH((:0,CaH5)C(C08C,H4):CH(C0jCaHj, b.p. ,5 215®, which results 
from the reaction of cyanacctic ester, oxalacetic ester, and sodium alcoholate. 
The sodium salt of the ester and iodomethane give first a-cyano~a- or -y-metkyl- 
aoonitic ester, b.p.jg 21 1®, and then a-cyano-ay-dimethyl-aconitic ester, CNC(CHj)- 
(C 0 aC 8 Hj).C(C 0 ,C 8 H.):C(Cn,)C 08 CaH„ b.p.„ 206® (C. 1906. II. 21). 

Butbne Tetracarboxylic Ester, CH|(COtR)C(COjR)8CH:CH(COjR), b.p.14 216- 
218®, informed from sodium isaconitic ester and bromacetic ester (C. 1902, II. 
722). 


VII. THE PENTAHYDRIC ALCOHOLS OB PENTITOLS AND 
THEIB OXIDATION PRODUCTS 

I. PENTAHYDRIC ALCOHOLS, PENTITOLS 

One of these, adonitol, occurs in nature ; all the rest have b^n 
obtained by the reduction of the corresponding aldopcntoses with 
sodium amalgam. Their constitution follows from that of the aide-* 
pentoses from which they have been prepared (p. 6i6). The simplest 

pentitol, QH7(0H)5 or CHa.OH.CHOH.CHOH.CHOH.CHaOH, cfin 
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have five theoretical modifications, because in the formula two asym- 
metric carbon atoms are present, and they are separatjjd by a non- 
asymmetric carbon atom. There are two optically active modifica- 
tions, one of which is known as 1-arabitol. There is also an inactive 
resolvable modification, produced by the union of the preceding forms, 
and finally, there exist two optically inactive modifications due to 
internal compensation. These can not be resolved, and are known as 
xylitol and adonitoL The pentitols are oxidized to pentoses by 
bromine and sodium hydroxide (B. 27, 2486). Comp. p. 640 for 
the stereochemical constitution of the pentitols. 

The number of possible classes of pentahydric alcohols is 21 ; that of the 
classes of substances which can be termed oxidation products of the pentitols 
is 55, if the hydroxy-compounds are not divided into sub-classes according to 
the character of the alcoholic hydroxyls, otherwise the number rises to 231. 

X. 1 -Arabftol. C5Hy(OH)B, m.p. 102^ is lasvo-rotatory after the addition of 
borax to its aqueous solution. It is produced by the reduction of ordinary or 
1 -arabinose (p. 618), and has a sweet taste (B. 24 , 53S, 1839 note). Benzol 
Arabitol, m.p. 150® (B. 27 , 1535). Diacetone Arabitol, b.p.,, 145-152® (B. 28 , 
2533). d-A rabttol is dextro-rotatory, and is produced by reduction of d-arabinose 
or d-l)rxose. It combines with 1 -arabitol to form the racemic \d-\-\y Arabitol, 
m.p. 106® (B. 32 , 555 ; 83 , 1802). 

2. Xylitol, C,H7(0H),, is syrup-like and optically inactive. It results from 
the reduction of xylose (p. 619) B. 24 , 538 ; 1839 note ; R. 567 ; 27 , 2487). 

3. Adonltol, C5H,(OH)s, m.p. 102®, is optically inactive. It occurs in Adorns 
vernahs, and is produced by the reduction of ribose (p. O19) (B. 26 , 633). 

Adomtol Diformacetal, m.p. 145® (B. 27 , 1893). 

Adonltol Di acetone, b.p., 7 1 50-1 55®. 

4. Rhamnitol, CH,.C,H,(OH)g, m.p. 121®, is dextro-rotatory; it, results 
fiom the reduction of rhamnose (p. 619 ; B. 23 , 3103). Dimethylene Rhamnitol, 
CH,.CgIlg04(CH,),0H, m.p. 138® (A. 299 , 321). 

Aminotetroles : Arabinamtne, CH,OIl[CH(OH)]3CHaNH2, m.p. 99®, is laevo- 
rotatory, and is formed from 1-arabinose oxime (p. 618) by reduction with sodium 
amalgam. It is a strong base, and is reduced by hydnodic acid to n-amylamine. 

Xylannve is prepared from xylose oxime, and is a colouiicss syrup (p. 619), 
(C. 1904. I. 579). 


2. TETRAHYDROXYALDEHYDKS, ALDOPRNTOSES 


The tetrahydrox5^aldehydes, the first oxidation products of the 
pentahydric alcohols, are closely related to the pentahydroxyaldehydes 
or aldohexoses, the first class of the carbohydrates in the more re- 
stricted sense, to which also the aldopentoscs arc very similar in 
chemical behaviour. Whereas formerly the carbohydrates occupied a 
special position in the province of aliphatic chemistry, they are now 
found to be very closely allied to simpler classes of bodies. All alde- 
hyde- and ketonc-alcohols, which can be regarded as the first oxida- 
tion products of the simplest representatives of the polyhydric alcohols, 
contain, like the carbohydrates in a narrower sense, not only carbon, 
but also hydrogen and oxygen in the same proportion as exist in 
water, e,g. : 

CHO CHO CHO CHO CHO 


<!h. 


,OH 


Glycolyl 

Alaehyde 

a)teie.C,ll 40 ,) 


CHOH 

Glycerose 

(rilOM,C2H40s). 


[< 1 hOH], 

c!h,oh 

Brythritce 
(TetroM ^4H404)« 


[CHOH], 

Ah, OH 

Arabinose 

(Ftontose, CgH^gOg). 


[inoH], 

<!:h,oh 

Dextrose 

(I1wom,C.H„0,) 



TETRAHYDROXYALDEHYDE!^ ALDOPENTOSBB «t7 

The simplest carbohydrates are, therefore, aldehyde-alcohols, such 
as those just mentioned, or ketone-alcohols-^.^., fructose, CHjOH.- 
C0.[CH0H]JCH20H (p. 635). 

The aldopentoses show the following reactions in common with 
the* aldohexoses : i. They form ethers with alcohols in the presence 
of small quantities of hydrochloric acid (B. 28, 1156). 

la. They combine with the mercaptans to form mercaptals in the 
presence of hydrochloric acid (B. 29, 547). 

2a. They combine with aldehydes, especially with chloral and 
bromal. 

2 h. They unite with acetone in the presence of small quantities 
of hydrochloric acid. 

3. They are reduced by sodium amalgam to alcohols : pentitols. 

4. Nitric acid oxidizes them to hydroxycarboxylic acids : tetra- 

hydroxymono- and trihydroxydicarhoxylic acids / they reduce Fehling*s 
solution. ^ 

5. They yield osamines with methyl alcoholic ammonia (B. 28, 3082). 

6. Hydrazine converts the pentoses into aldazines (B. 29, 2308). 

7. Phenylhydrazine changes them to hydrazones and characteristic 
dihydrazonts : osazones. 

8. They yield oximes with hydroxylamine. 

9. By successive treatment with hydrocyanic acid and hydrochloric 
acid they pass into pentahydroxyacids, the lactones of which may be 
reduced to hexoses (p. 630), whereby consequently the synthesis of a 
hexose from a corresponding pentose is realized. 

However, the aldopentoses are (i) not fermented by yeast ; (2) 
they yield furfuraldehyde or alkyl furfurals when they are distilled 
with hydrochloric acid or with dilute sulphuiic acid. This reaction 
can be applied in the qudutitative determination of the aldopentoses 
(B, 25, 2QI2). (3) When they are heated with phloroglucinol and 

hydrochlonc acid they give a cherry-red coloration (B. 29, 1202). 

Formation . — ^Their production from animal and vegetable sources 
will be indicated under the individual aldopentoses. However, a 
reaction will be given in this connection, which promises to afford a 
general method for tlic conversion of aldohexoses into aldopentoses. . 

On treating d-dextrosoxime (p. 634) with acetic anhydride and 
sodiujn acetate, the nitiile of pentacetyl gluconic acid is obtained. 
This, .when treated with ammoniacal silver solution gives up hydro- 
cyanic acid, and is converted into d-arabinose diacetamide, which 
on hydrolysis with hydiochloric acid yields d-arabinose (B. 32, 3666). 


CH=N(OH) 

hAoh 


HO.C.H 

hAoh 

H.C.OH 


CH,OH 

d'DexUoboJLime. 


CN 

I 

HCO.COCH, 

I 

CIIsCOOCH 

HCO.COCII, 

HCU.COCHa 

<!h, 0 .(X>CH, 

NltrUe of PenUcetyl 
Glttooaic Aqld. 


H.CO 

HOC^II 

HCOH 

H.C.OH 

CH,.OH 

d^rabiDoae. 



organic chemistry 


6 id 


When d-dextrose is oxidized with chlorine water it is converted into 
d-gluconic acid which is further changed by l^ydrogen peroxide in 
presence of ferric acetate into d-arabinose (B. 82 , 3672) 


CHO 

I 

II.C.OH 

I 

HO.C.H 

H.C.OH 

I 

H.C.OH 

I 

CHjOH 

d-Dtxiiose. 


CO,H 

H.C.OH 

I 

HO.C.H 

H.C.OH 

I 

H.C.OH 

I 

CHaOH 
d-Gli’comc Acid. 


HCO 

I 

HO.C.H 

H.C.OH 

I 

H.C.OH 

I 

CHaOH 

d-Aiabinobe. 


d-Arabjiiose is the first aldopt iiluse to be prepared synthetically, 
as it may be obtained from d-dextrose (p. 637) which can be 
synthesizi. d. « 

Tlie two degradation methods described above have led to the 
following n actions : the production of 1- and d-xylosc from 1- and d- 
gulonic acid (see below, and p. 619) ; lyxose from galactose and galac- 
tonic acid (p. 619) ; l-erythritose and 1-threose from 1-arabinose and 
1-xylose (p. 597) ; d- and l-erythritose and 1-threose from 1- and 
d-arabonic acid and 1-xylonic acid, etc. 

The aldopcn loses of the formula CH,OH.CHOH.ClIOII.CHOH.CHO, con- 
taining thicc asymmetric carbon atoms, can appear theoretically in eight optically 
active isomers, and four optically active, racemic (or [d-fl] modifications which 
can be resolved (p. 030). 

I. Ara Jinose, C4H50H)4CH0, is known in three modifications. 
l-Ara»Jnose, Vechnose, m.p. 160®, is formed when cherry gum and other gums 
(p. Oh ^) <11 e boiled with dilute sulphuric acid ( 13 . 35 , 1457 ; 37 , 12x0). Reduction 
pioduLcs 1-arabitol (p. bih), and oxidation l-arabonic acid (p. 620) and 1-tri- 
hydroxy glutaric acid, m.p. 127®; hydrochloric acid gives rise to furfural. It 
is dextro-rotatory, [a]i,= and it reduces Fchhng’s solution. Methyl l- 
Arabuwse, CgH^OgtHa, m.p. 170° (B. 26 , 2407; 28 , 1156), is prepared from 
arabinosc, methyl alcohol and hydrochloric acid. The action of iodomethane 
and .silver oxide pioduces methylation of the OH-groups, forming Frimethyl 
Methyl Jr abinose, m.p. 44°, b.p.i4 124®. Hydrochloiic acid hydrolyzes this 
substance to Irimethyl Arabinose, (CH ,0)305^70,, b.p.,, 148-152® (C. 1906, 
II. 1045). l-Arabt Hosazone, C5Hg03(N3HC3H5)3, m.p. iho® (B. 24 , 1840, footnote). 
Arabtnosone (B. 24 , 1840, footnote ; C. 1904, I. 579)- \-Arabinose ■p-Bromo- 
phenylhydrazone, m.p. 150-155® (B. 27 , 2490). \-Arabtnose Semicarbazide, 
m.p. 163° with decomposition (C. 1897, II. 894). \-Arabtnose Oxime, m.p. 133® 
(B. 26 , 743) can be degraded to 1 -erythritosc (p. 597), and reduced to 1 -arabinamine 
(p. Oib). Arabinose Ethyl Mercaptal, m.p. 125®. Arabinose Ethylene Mercaptal, 
m.j). 154®. Arabinose Trimethylene Mercaptal, m.p. 150® (B. 29 , 547). Arahino^ 
chloral, a-iorrs\, m.p. 124®; jS-form. m.p. 183®. CgHgOj.CH.CBr,, 

m.p. 210® (B. 29 , R. 544). Arabinose Diacetone, m.p. 42® (B. 28 , X164). Arabinose 
Tetranitrate, m.p. 85® (B. 31 , 71). Aceiochlor arabinose, C3H3Cl(OCOCH3)3, m.p. 
149®. and Acetobrom arabinose, C5H3Br(OCOCH,)t, m.p. 137®. are prepared from 
arabinose and acetyl chloride and bromide re.spectively. Silver acetete converts 
them into 1 etraceiyl Arabinose, CaH30(0C0CH,)4, m.p. 80® (C. I902,*’I. 911). 

d- Arabinose is prepared (i) by degradaticn of d-doxtrose oxime; from the 
reaction product it is best separated as the dt phenylhydrazone, C4Hg(OH)4- 
CH :NH(C4Hg)4, which is decomposed by formaldehyde (C. 1902, I. 985) ; (2) 
by oxidation of d -gluconic acid by H3O3 (above), or by heating a solution of 
mercuric d-gluconate (C. 1908, I. xi66). It is lavorotatory, 

Arabinosazone, m.p. x6o®. d- Arabinose Diacetamide, m.p. 

-X87®. 
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[d+l}-AraMnos6, m.p. 164*. is produced by the union of the two optically 
active forms of arabinose. It occurs in the urine of a sufferer from pintosuria. 
This is ot interest, sin6e, so fair, only optically active sugars have been found to • 
be produced as a result of metabolism. It can be resolved by as}nxi.-d-amyl 
phenylhydrazone (B. 88, 86S). \d~\~iyAfahinosazone, m.p. 167** (B. 88, *2243). 

2. 1 -Xylose, Wood Sugar, C^HjCOHl^.CHO, m.p. 143®, is produced when 
wood gums (B. 22 , 1047 ; 23 , R. 15 ; C. 1902, I. 301), corn-cobs (B. 24 , 1657), 
maize, or elder pith (B. 85 , 1457) are boiled with dilute acids ; by the degrada- 
tion of 1 -gulonic acid (p. 649) by hydrogen peroxide (B. 88, 2142) ; also, by 
pancreatic hydrolysis of nuclco-proteins (B. 36 , 1467). It is dextro-rotatory, and 
yields inactive xylitol (p. 616) on reduction ; oxidation converts it into 1-xylonic 
acid (p. 620) and inactive trihydroxyglutaric acid, m.p. 152®. Hydrocyanic acid 
produces 1-gulonic acid and l-idonic acid (p. 650). \-Xylosaxone, m.p. 160®. 

d-Xylose is obtained from d-gulonic lactone by degradation. It is lavo~ 
rotatory ( 13 . 33 , 2145). (d-\-\yXylosazone, m.p. 210-215®, with decomposition 
(B. 27 , 2488 ; 33 , 2145). Methyl Xylose, C,H, 0 ,.CHj. a-, m.p. 91® ; / 3 -, 
m.p. 156® (B. 28 , 1157). Xylochloral, m.p. 132® (B. 28 , R. 148). 

3. Lyxose, m.p. loi®, is prepared by reduction of lyxonic lactone (p. 620) 
from pentacetyl galactonic nitrile by loss of hydrocyanic acid (B. 80 , 3103) ; and 
from d-galactonic aci^ and llaO^ (B. 33 , 1798). Addition of hydrocyanic acid 
and hydrolysis produces galactonic and talonic acids (B. 33 , 2146). 

4. Ribose, C4H5(OII)4CHO, is produced by oxidation of l-arabinose to 
1-arabonic acid, conversion of this 1-arabonic acid (p. 620) and reduction of the 
lactone of this acid (B. 24 , 4220). 

5. Apiose, p- Hydroxymethyl Erythntose, (CHjOH)4C(OH)CH(OH)CHO, is pre- 
pared by hydrolysis of apiirie, a glucoside occurring in parsley (Vol. II.). It 
differs from the isomeric pentoses by reason of its branched carbon chain. Oxida- 
tion with bromine water produces tetrahydroxyisovaleric acid (A. 321 , 71). 

6 . Rharnnose, or Isod ilcltol, CIl8(CH0H)4CII0+H*0, m.p. 93®, in 
anhydrous form ; b.p. 122-120® when crystallized from acetone. It is dextro- 
rotatory (B. 29 , R. 1 17, 340). It results upon decomposing different glucosides 
(quez cl trine, xanthorhamniric, rhamninosc. a disaccharide, derived from galac- 
tose and rharnnose (C. iqoo, 1,251), hesperidine, naringme) with dilute sulphuric 
acid. Isodulcitol yields a-methyl furfural when distilled with sulphuric acid (B. 
22 , R. 75 c). 

It gives rise to rhamnitol upon reduction, and by oxidation l-trihydroxy- 
glutaric acid (m p. 127®). I INC' and hydrochloric acid convert it into rharnnose 
carboxylic acid (p. Oso ; B. 22 , 1702) ; oxtme has been decomposed into methyl 
tetro.se (p. 597 ; B. 29 , 137^) ; hydrazone, m.p. 159®, and its osazone, m.p. 180® 
(B. 20 , 2574). Acetone Rharnnose, C4H10O5 : CgHf, m.p. 90® (B. 28 , 1162). 
Rharnnose Llhyl Mercaptal, m p. 136®. Ethylene Mercaptal, m.p. 169° (B. 29 , 
547). Teiramtrate, m.p. 135® (B. 31 , 71). 

7. Isorbamnose has been obtained by the reduction of the lactone of isorham- 
nonic acid. 

8. Chinovose, CHa[CHOH34CHO, isomeric with rharnnose, is a product 
obtained by decomposing chi no vine, occurring in varieties of quina and cinchona 
with Ifydrochlonc acid. Osazone, m.p. 193-194® (B. 26 , 2417). 

9. Rhodeose, CH8[CH(OH)]4CHO, is one of the methyl pentoses obtained 
by decomposing the pentosides convovuhn and jalapin (Vol. II.). It is strongly 
dextro-rotatory, and is the optical antipodes to Fucose. This substance is 
obtained by hydrolysis of the Fucus variety of sea-weeds with dilute sulphuric 
acid. Osazone, m.p. 177®. Determination of configuration (B. 40 , 2434). 

3. TETRAIIYDROXYMONOCARBOXYLIC ACIDS 

Acids of this class are obtained by oxidizing the aldopentoscs with bromine 
water or dilute^nitric acid. They readily pass into lactones, some of which 
yield pentoses on reduction. Furthermore, oxidation changes them in part to 
dicarboxylic acids. Hydriodic acid reduces some of them to lactones of the 
monohydroxyparafiin carboxylic acids. All the known acids are optically 
active. x 

Tetrahydroxy-n-valeric ctcids, have theoretically eight optically active ioms, 
as have the aldopentoses with an equal number of carbon atoms, five of which 
are known, and four are [d+1] modifications. 
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(1) %l-AraboiUo Add, CO,H[CHOiq,CH,OH, [a]"--73-9*. is prepared from 
1 -arabinose (B. 21 , 3007). It readily yields SLjactone,^CgHfi^, m.p. 95-98^ 

^ and is converted by oxidation into 1 -irihydroxyglutaric acid; phenythy dr oxide, 
m.p. 215® (B. 23 , 2627 ; 24 , 4219). Tetracetyl l-Arabonic Nitrile, m.p. 117®, 
is produced from 1-arabinose oxim^, acetic anhydride, and sodium acetate. 
Silver oxide changes it into triacetyl 1 -eythrose (B. 32 , 3666). drArabanic 
Acid, ro]J®=»-f-73’7®, is formed from d-arabinose and bromine water; lactone, 
m.p. 98®. Oxidation by HgO, converts it into d-erythritose, [d-\-iyArabonic 
Lactone, m.p. 116® (B. 32 , 550). When heated to 145® with aqueous pyridine it 
gives 1-arabonic and pyromucic acid, together with some 

(2) 1 -Rlbonio Aeid, which, under the same conditions, is partially recon- 
verted into arabonic acid. Ribonic Lactone, C,HgOg, m.p. 72-76® (B. 24 , 4217) ; 
phenythy dr oxide, m.p. ie>3®. 

(3) 1 -Xylonio Acid is prepared from 1 -xylose and bromine. It yields a 
spai^gly soluble biomocadmium double salt (comp. B. 35 , 1473). Pyridine 
converts it into 

(4) d-Lyxcnlc Aeid; lactone, m.p. 113® (B. 80 , 3107) (see also Lyxose, p.619); 
phenylhydraztde, m.p. 162®. 

(5) Aploiiic Acid, Tetrahydroxyisovaleric Acid, (CHgOH)aC(OH)CH(OH)- 
COOH, is produced from apiose (p. 619) and bromine water. Phenylhydraxide, 
m.p. 127®, is converted by hydiiodic acid and phosphorus into isovaleric acid 
(A. 321 , 78). 

(6) Khamnonlc Acid is formed from rhamnose and bromine, and passes 
directly into the lactone, CgHioOg, m.p. 150® (B. 23 , 2902 ; A. 271 , 73). Methyl 
Rhamnomc Lactone, CgHg(ClIg)05. m.p. 179® (A. 309 , 323). When heated with 
pyridine to 150® it yields some 

(7) Isorhamnoole Acid, of which the lactone, m.p. 151®, when oxidized 
yields xylotrihydroxyglutaric acid (p. 621) (B. 29 , 1901) (see also Isdrhanmose, 
p. 610). 

(8) Saccharic Acids is tlie name given to a number of tetrahydroxypentane 
carboxylic acids which are obtained from the hexose^ or disaccharidcs by the 
action of alkalis, or, better, lime-water, accompanied by atomic migration. They 
readily pass into lactones, known as saccharines, which must not be confused with 
saccharine (Vol. II.) a sweetening agent entirely unconnected with sugars and 
their associated compounds. 

CO o 

Saccharine, | I . m.p. ibo®, possesses a bitter taste 

CHg C(OH).CII(OH)CH.CHgOH 
CO — O 

Isosacciiarine, | | , m.p. 95®. 

lIO.CHa.C(OH).CH2.CH.CHaOH 
CO O 

Metasaccharlne, | | , m.p. 141®. 

HOCH.CHa.CH.CH(OH)ClIgOH 
CO O 

Parasaccharine, | I * ^ syrup. t 

HOCHg.CH(OH).C(OH)CHgCH, 

Saccharine is produced by the action of lime-water on dextrose, hevulose 
and invert sugar ; iso-, meta-, and para-saccharine from lactose or galactose 
and lime-water. When reduced with hydriodic acid, saccharine and isosaccharine 
yield aydinteikyl butyrolacione, whilst metasaccharlne gives y-n.-caprolactone. 
Nitric acid convoy saccharine into a-methyl trihydroxyglutaric acid (saccharonic 
acid) ; isosaccharine into ay-dihydroxyglutaric y-carboxylic acid, (HOgC)aC(OH)- 
CHaCH(OH)COiH ; metasaccharine into o^S-tnhydroxyadipic acid (see below) ; 
and parasaccharine to parasaccharonic acid and hydroxycitric acid (p. 622), 
HgOg (p. 618) brings about the degradation of iso- and para-saccharine to two 
hetopentane trioles, HOCHg.COCH*CH(OH)CH,OH. and HOCHi.CH(OH).CO.- 
CHgCHgOH, respectively ; metasaccharine gives an aldotriose metasaccharo* 
pentose, HOC.CH,CH(OH)CH(OH)CH*OH, the ^dehyde of a ^y8-trihydroxy- 
valeric acid, which is reduced by hydriodic acid to y-valerolactone (A. 218 , 
.47): 8M, 424; 8,18.631,2514; 86,2361: 87,3612; 88,2671; 41,158). 
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4. TRIHYDROXVDICARBOXYLIC AaDS 

Trfliydro«y-ii.-glfitario kcids, C0aH[CH0H]8C02H, can theoreti- 
cally exist in four steieochemical modifications, corresponding with the 
four pentitols ^ 615), and in addition in an inactive form, which can 
be resolved. 


d-Trthydroxyglutanc Actd inp 127", is prepared from d-arabinose and 
mtnc acid l-Trthydroxygluiartc Actd mp 127®, is formed from 1 -arabinose 
and mine acid, as well as by the oxidation of rhamnose (p 619) and sorbmose 
(p 636) (B 21 , 3276) fd+l] Tnhydroxvglutartc Actd, mp 154®, results from 
tte union of d- and l-tnhydioxyglutaric acid in acetone solution (B 82 , 558). 
i-Xylotnhydroxygliitafic Acid mp 152®, is formed when xylose is oxidized; it 
corresponds Yiith xylitol (p biG) It is very ««imilar to but not identical with, 
the racemic acid (B 32 , 559} i-RibotnhydroxygliUartc actd results from Idle 
oxidation of ribose and corresponds with adonitol (p 616) It readily passes 
into a lactomc actd m p 170® (B 24 , 4222) 

Saeeharonic Ac d, a JV/e/Ay/ J rtkydroxyglutartc Actd, CH3C(OH)(CO,H)CH- 
(0H)CH{0H)(C02H), js formed by the oxidation of saccharine (see above) 
with nitric acid It cnan,.,cs m a desiccator, or when heated into a laevo-rotatory 
CO - O 


lactone, SacLkarone, | 1 , m p 145-156® (A 218 , 363) 

CH 3 C( 0 H) CH(OH) CIICO.H 

Hydriodic acid converts the lie tone into a meth\l glutaric acid (p 502) 
Tnhydroxyidipir Acul rO^HCII(OH)CH*CH((>H)CH(OH)COjH, mp 146® 
with decomposition results from the oxidation of metasacchaiine (see above) 
with dilute HNO, (B 18 , 1555 , 37 , 2668) Heated with HI it is reduced to 
adipic acid 


^ DIHTDROXYKETONE DIG ARBOXYLIC ACIDS : The pyrone dicarboxylic 
esters resulting from the condensation of acetone dicarbox>lic esters with alde- 
hydes, are anhydrides (like ethylene oxide) of the dihydi oxyketone dicarboxylic 
acids 

Dimethyl Tetrahydtopyrone Dicarboxylic Ester, CH<^ ™ P 

COgCgll^ CHj 

102®, IS formed from acetone dicarboxylic ester, acetaldehyde and hydrochloric 
acid (B 29 , 991) 


6 TRIKETONF DICARBOXYLIC ACIDS. Acetone Dtoxaltc Ester, Diethyl 
Xanthochelidonic Ester, CO[CHjCO COjCjHj], mp 104®, is obtained from 
acetone, oxalic ester, and sodium ethoxide Hydrochloric acid converts it into 

Chehdomc Ester, mp 63® Some other acids, allied 

* * ® CHkCH 

with this, •are also derived from pyrone, 

a product of dehydration of carbonyl diacetoacetic ester, CO[CH(COCH,)CO,C,H5]|, 
prepafbd from copper acetoacetic ester and phosgene (B. 19 , 19) 


7 DIHYDROXYTRICARBOXYLIC ACIDS 

Desoxalle Acid, COgH CHOH C(OH)(COsH)3, is a deliquescent crystalline 
mass , tnethyl ester, COjCjH, CHOH C(OH) m p 78®, bp, 136®, 

results from the action of sodium amalgam on diethyl oxalate (A 297 , 96) 
When Its aqueous solution is evaporated, or when its ester is heated with water 
or dilute acids to 100®, the acid yields carbon dioxide and racemic acid 
(p 601): 

HO,C CH(OH)C(OH)CO,H), > HO,C CH(OH)CH(OH)CO,H 4 CO,, 

Desozahe Acid Racemic Aad 

Acid radicals can be substituted for the two hydroxyl groups of th^ 

ester. Heated with hydnodic acid, desoxalic acid gives ofi carbon dioxide, 

and IS reduced to succmic acid 
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Desbxalic ester and phenylhydrazine yield phenylhydrazine glyoxylic ester, 
whilst isonitrosomalonic ester and glycollic acid are the products of reaction 
with hydxroylamine (B. 29 , R. 908. ' * „ 

Hydroxycitrlo Acid, aP-Hydroxy~tricarballylic Acid, C02HCH8C(0H)(C0|H)- 
CH(0H)C08H, m.p. 160®, accompanies aconitic, tricarballylic, and citric 
acids in beet juice, and is produced by boiling chlorocitric acid (from aconitic 
acid and HCIO) with alkalis or water (B. 10 , 1078). It can be obtained pure by 
oxidation of parasaccharine (p. 620) with nitric acid (B. 37 , 3614). 

ay-Dthydroxypropane axiy -Tricarboxylic Acid, ay - Dihydroxyglufaric y^Car^ 
boxylic Acid, (COtH)2C(OH)CH,CH(OH)COOH, results from the oxidation of 
isosaccharine with nitric acid. It is a thick crystalline mass. At 100® it loses 
carbon dioxide, and forms ay-dihydroxyglutaric acid. Hydriodic acid and 
phosphorus convert it into glutaric acid. C2Hf(C02H)2 (B. 38 , 2671). 


8. PENTACARBOXYLIC ACIDS 

Paraffin Pentacarboxylic Acids. Propane aPpyy-Pentacarboxylic Acid, PyDu 
carboxytricarba Hylic Acid, (C0jH)2CH.C(C02H)j.CH2C02ll, m.p. 150®, is obtained 
from its penta-ethyl ester, the reaction product of sodium malonic ester and 
chlorethane tricarboxylic ester (p. 502). Propane axiPyy- Pentacarboxylic Methyl 
Ester, ay-Dicarboxytricarballylic Ester, Cll802C.Cli[CH(C02CH3)2]2, m.p. 86®, is 
prepared from dichloracetic ester and two molecules of sodium malonic ester; 
also, by reduction of dicarboxyaconitic ester (see below) with zinc and glacial 
acetic acid (A. 347 , 5). Similarly, reduction of dicarboxy-mcthyl-aconitic ester 
gives rise to Butane aapyy-Pentacarboxyhc Methyl Ester, ay-Dicarboxy-a-methyl- 
tricarballylic Ester, (CH302C)2.CTl.CIl(('0aCHs).C(CH2)(.C02CH3)2, m.p. 59®. 
Tiiese esters yield tricarballylic or the stcreoisomeric a-mctliyl tricarballylic 
acids on hydrolysis and expulsion of COj. 

Butane apPyh - Pentacarboxylic Ester, C2H602C.CH2CH(C02C2H5)C(C02- 
CjH5)a.CH2C02C2H,, b.p.,,217®, is formed from chlorosuccinic ester and sodium 
ethenyl tricarboxylic ester. 

Olefine Pentacarboxylic Acids : Dicarboxyaconitic Pentamethyl Ester, 
(CHjOaC)*.C : C(C02CHa).CH(C02CHj)2, m.p. 62®, is formed by condensation 
of dichloroxalic methyl ester and two molecules of sodium malonic methyl ester, 
instead of the expected dicarboxy-methyl-cilric ester, which loses methyl alcohol : 

’ * ’ 2Naa+CH,OH. 

The ester, when hydrolyzed, loses COj and yields aconitic acid ; with sodium 
and iodomethane it forms a-Methyl Dicarboxyaconitic Ester, Butylene aaPyy- 
Pentacarboxylic Ester, CHaCCCOjCHalaClCOaCHa) • C(C02CH8)8, m.p. 86® A. 
847 , I). 

Butylene aPyyh- Pentacarboxylic Ester, CjH50,C.CH*.C(C02C2H5)jC(C08C2- 
Hg): CHCOjCjHj, b-p.,® 230®, is prepared from sodium cthcnyl tricarboxylic 
ester and chlorofumaric ester (B. 31 , 47). Butylene aayyh- Pentacarboxylic 
Ester, CjHg02C.CHjC(C0jCtH*)2CH : C(COjC,H 5)2, b.p.|a 224®, is formed from 
sodium dicarboxyglutaconic ester (p. 615) and chloracctic ester (J. pr. Ch. 
[2] 66, 1. 104). 

VIII. HEXA- AND POLY-HTDEIC ALCOHOLS, AND THEIR 
OXIDATION PRODUCTS 

X A. HEXAHYDRIC ALCOHOLS. HEXAHYDROXYPARAFFINS, 

HEXITOLS 

The hexahydric alcohols approach the first class of sugars (p. 625) — 
the dextroses — ^very closely. They resemble them in properties ; they 
have a very sweet taste, but they do not reduce an alkaline copper 
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solution, and are not fermented by yeast. S-Mannitol, S-sorbitol, 
and dulcitol occur nature. These three and certain hexitols have 
been prepare by the reduction of the corresponding dextroses — aldo- 
and keto-hexoses — ^with sodium amalgam. Moderate oxidation con- 
verts them into dextroses. The compounds which the hexitols yield 
with aldehydes, especially formaldehyde and benzaldehyde, in the 
presence of hydrochloric acid or sulphuric acid, or with acetone and 
hydrochloric acid, are characteristic of them (A. 299, 316 ; B. 27, 1531 ; 
28, 2531). 

Theory requires the existence of 28 classes of hexahydroxy- 
paraffin alcohols, which give rise to 79 classes of oxidation products, 
if the hydroxy compounds are included with those of the glycol oxida- 
tion products. The total number of sub-classes of oxidation compounds 
amounts to 434, of which 28 are free from alcoholic hydroxyls. 

Ihe simplest hexitols with six carbon atoms contain four asjrni- 
metric carbon atomj in the molecule. According to the theory of van 
*i Hoff and Le Bel, 10 simple spacial isomeric forms are possible for 
such a compound. 

I. Mannitol or Mannite, CH20H[CH0H]4CH20H, exists in three 
modifications : dextro-, laevo-, and inactive mannitol ; the latter 
is identical with the a-acntol made from synthetic a-acrose or [d+1] 
fructose. It is the parent substance for the synthesis of numerous 
derivatives of the mannitol series (B. 23, 373), and also of dextrose 
(p. 632) and of IcBVidose (p. 635), as will be more fully explained under 
these bodies. 

Ordinary, or d-Mannitol, m.p. 166®, occurs frequently in plants 
and in the manna-ash (Fraxinus ormis), the dried sap of which is 
manna. It is obtained from the latter by extraction with alcohol 
and allowing the solution to crystallize. It is produced in the ropy 
fermentation of the different varieties of sugar, and may be artificially 
prepared, together with sorbitol, by the action of sodium amalgam 
on d-mannose {P..631), d-fruclose (B. 17 , 127 ; 23 , 3684). 

Mannitol crystallizes from alcohol in delicate needles, and from 
water in large rhombic prisms. It possesses a very sweet taste. Its 
solution is dextro-rotatory in the presence of borax. When oxidized 
with care^it yields fructose (previously known as mannitose) (B. 20, 
831), and d-mannose (B. 21, 1805). Nitric acid oxidizes mannitol to 
d-manuosaccharic acid (B. 24, R. 763) (p. 653), erythritic acid, and 
oxalic acid. Hydriodic acid converts it into 2- and 3-hexyl iodide 
(B. 40, 140). * 

When mannitol is heated to 200® it loses water and forms the anhydrides, 
Manmtan, CjHuOj, and Mannide, CsHiqOi, m.p. 87®, b.p.ao 176®. The latter 
is also obtained by distilling mannitol in a vacuum. 

Esters.— Mawm/o/ Dichlof hydrin, CaHaCl,(OH)4. m.p. 174®. is formed when 
d-mannitol is heated with concentrated hydrochloric acid. Hydrobromic acid 
yields the dthromhydrin, m.p. 178®* 

Nltromannltol, CaH8(O.NO,)t.Tn.p. 113®, is obtained by dissolving mannitol 
in a mixture of concentrated nitric and sulphuric acids. It crystallizes from 
alcohol and ether in bright needles ; it melts when carefully heated and deflagrates 
strongly. When struck it explodes very violently. Alkalis and ammonium 
sulphide regenerate mannitol. Ammonia, or, better, pyridine, acting on 
hexanitromannitol, produces penianitromannitol, m.p, 82® (C. 190X, II. 983 ; 
B. 86, 794)- ^ 
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He%acetyl d~Mannitol, C,Hc(OCOCHa),, m.p. 119* (B. 12, 2059), when 
left in contact with liquid HCl, changes into Tetror-acetyl Mannitol Dichlorhydrin, 
c C,H8(C,H,0,)4C1,. m.p. 214® (B. 86, 842). 

Hexabenxoyl Mannitol, m.p. 149®. 

Mannitol Triformal, m.p. 227® (A. 289. 20). 

Mannitol Tribemial, CeHg04(CHC8H8),. m.p. 213-217® (B. 28, 1979). 

Mannitol Triacetone, CellgOsCCaHg}^. m.p. 69®, is obtained from mannitol, 
acetone, and 9, little hydrochloric acid. It has a bitter taste (B. 28, 1168). 

Lasvo-mannltol, m p 163-164®, is obtained by the reduction of l>mannose (from 
l-arabinosc carboxylic acid, p. 649) in weak alkaline solution with sodium 
amalgam (B. 28, 375)* It is quite similar to ordinary mannitol, but melts a 
little lower, and in the presence of borax is laevorotatory. 

Inactive Mannitol, [d+1] Mannitol, m.p. 168®, is produced in a similar 
manner, from inactive mannose (from [d+l]-mannonic acid). It is identical 
with the synthetically prepared a-acritol (from a-acrose, p. 6^6) (B. 28, 383). It 
resembles ordinal y mannitol, but in aqueous solution is inactive even in the presence 
of borax. Nitiic acid oxidizes it to inactive mannose and inactive mannonic 
acid. The latter can be resolved into d- and 1-mannonic acids (B. 28, 392). 
d- and 1-Mannonolactones may be reduced to d- and 1-mannoses, and these to 
d- and l-mannitols. All of these compounds have been synthesized in this way. 

2. d- and 1-Iditols are colourless syrups formed by tne reduction of d- and 
1-iodoses ; iribenxal compounds, m.p. 219-223® (B. 28, 1979)- 

3. d-Sorbitol (p. 642), CH*OH(CHOH)4CH,OH, m.p. 75® (anhydrous, 104- 
109®), occurs in mountain-ash berries, forming small crystals which dissolve 
readily in water. It is produced in the reduction of d-dextrose, and together 
with d-mannitol in the reduction of d-fructose (p. 6^7) (B. 28, 2623). It is 
reduced to secondary hexyl iodide (B. 22, 1048) when heated with hydriodic acid. 

Sorbttol Triformal, C4H804(CH2)8, m.p. 206® (A. 289, 23). 

Triacetone Sorbitol, C,HgOe(C3H4)8, m.p. 45®, b.p.gj 172®, 

1-Sorbitol (p. 642), m.p. 75®, is obtained by the rciluction of 1-gulose (p. 634) 
(B. 24,2144). 

4. Dulcitol, Melampyrin, CH20H(CH0H)4CHa01I (p. 642), m.p.- 188®, 
occurs in vaxious plants, and is obtained from dulcitol manna (originating in 
Madagascar). It is produced artificially by the action of sodium amalgam 
on lactose and d-galactose. It crystallizes in large monoclinic prisms, having 
a sweet taste. It dissolves in water with more difficulty than mannitol, and is 
almost insoluble even in boiling wa i er. Its solution remains optically inactive even 
in the presence of borax (B. 25, 2564). Hydriodic acid converts it into the same 
hexyl iodide that mannitol yields. Nitric acid oxidizes dulcitol to mucic acid. 
There is also an intermediate aldehyde compound that combines with two mole* 
cules of phenylhydrazine and forms the osaxone, C4H,oC)4(N,H.C4H5)3 (B. 20, 
1091). 

Hexacetyl Dulcitol, m p. 171®. 

Dimethylene Dulcitol, C4H,o04(CHj)8, m.p. 244® (A. 290, 318). Dibenxal 
Dulcitol, C4H,404(CHC4H5)j, m.p. 215-220® (B. 27, I554)- Diacetqne Dulcitol, 
C«Hi404(CjH,)t, m.p. 98®, b.p.i, 194® (B. 28, 2533). Dulcitol Hexanitrate, 
m.p. about 95®. Dulcitol Pentanitrate, m.p. about 75® (B. 36 , 799)* 

5. d-Ta)itol, m.p. 86®, is produced in the reduction of a-talose. 

Tribenxal d-Talttol, m.p. 206® (B. 27, 1527 ; C. 1908, I. 1529). 

[d-l-1] Talitol, m.p. 66®, is formed by the reduction of the body produced 
when dulcitol is oxidized with PbO, and hydrochloric acid (B. 27, 1530). 

6. Bhamnohoxitol, CHa.CCHOHlg.CHjOH, m.p. 173®, is formed when 
rhamnohexose (p. 635) is reduced with ^dium amalgam (B. 23, 3106). 

7. Glttcamines. These bodies stand in the same relation to Ihe hexoseimines 
and amines {p. 636) as the hexitols to the hexoses. They are formed (x) from 
the hexose oximes, and (2) the hexose amines by reduction with sodium amalgam. 
d-Glucamine, CH,OH.[CHOH] 4CHNH*, m.p. 128®, is prepared from dextrose oxime 
and also from isodextrosamine (p. 636). It is a strong base, and is dextro-rotatory. 
Together with the above are formed d-Manno-amine, m.p. 139®, d~Galactamine, 
m.p. X39®, is laevorotatory (C. 1902, II. 1356 ; 1903. R- 1237 I ^904, 1. 871). 

1 B. HEPTAHYDRIG ALCOHOLS : Peneltol or Mannohepiltol, C,H8(OH)7, > 
islcnown in three modifications: d-mannoheptitol, m.p. 187®, l-mannoheptitol. 
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m.p. 187*, and [d+1] mannohepUiohm.^. 203^ The d-inannoheptiljfor par^ 
occurs in Laurus persea^ *and is obtained, like the other 'two modifications, 
by the reducticyi the Sorrespdhding mannoheptoses (B. 28, 936# 2231). The 
[d+1] mannoheptitol is formed when equal quantities of d- and l-maano- 
heptitol are mixed (A. 272, 189). Hydriodic acid reduces it to hexahydxo- 
toluene (B. 26, R. 5^3)- 

a-Gluooheptitol, CHaOH(CHOH),CHaOH, m.p. 128”, is obtain ed froma-glu<^ 
coheptose (p<6^7* A. 270, 8i). Triacetone a-Glucoheptitol, 
b.p.,4 200® (B. 28, 2534). 

a-Galaheptitol, CfHicOs, m.p. 183®, is obtained from a-galaheptose (p. 637). 

Volemitol, C,H,(OH)f, m.p. 156®, dextrorotatory, is found in the pileated 
mushroom, Lactarius volemus (B. 28, 1973) and in the Primulacea (C. 1902, 
II. 1513). 

Anhydro-enneaheptltol, CsHifO,, m.p. 156®, is formed from acetone and 
formaldehyde with lime and water. It is an anhydride of the heptahydric 
alcohol [CH,OH], : C.CH(OH)C i [CH,OH], (B. 27, 1089 ; A. 280, 46). 

I C. OCTAHYDRIC ALCOHOLS: a-Glueo>ootitol, CH.0H[CH0H],.CH4.0H, 
m.p. Z41®, is obtained from a-gluco-octose (p. 637, A. 270, 98). d-Manno- 
oetltol, CHaOH[CHOH] 40114011, is produced from manno-octose, m.p. 258®. 
It dissolves with diiiic^y in water. 

i D. NONOHYDRiC ALCOHOLS: Glucononitol, C^HioOt, m.p. 194®, is 
obtained from glucononose (A. 270 , Z07). 


2 AND 3. PENTA-. HEXA-. HEPTA-. AND OCTO-HYDROXY- 
ALDE HYDES AND KETONES 

The long-known representatives of the first class of carbo- 
hydrates, which are produced by hydrolysis from the more complex 
carbohydrates, the saccharobioses (p. 657), like sucrose, maltose, 
and lactose, and from the polysaccharides, — e.g. starch, dextrin, 
cellulose, and others, — are pcntahydroxyaldehydes and pentahydroxy- 
ketones. The most important sugar of the first class is dextrose, formed 
together with laevulose by the hydrolysis of sucrose. It also occurs 
as the final product of the hydrolysis of starch and of dextrin. In 
this connection it may be mention^ that dextrose and laevulose have 
already been referred to with ethyl alcohol, and in connection with 
its formation by alcoholic fermentation (p. 112). 

The aldehyde character of these bodies is inferred from the ready oxidation 
of certain dextioses to monocarboxylic acids, and their reduction to hexahydric 
alcohols. 2Hncke (1880) was the first (B. 18, 641 Anm.) to suspect that ketone 
alcohols were represented among the dextroses. Kiliani, in Z885, investigating 
the HN^ additive products, proved that dextrose must be regarded as an aldehyde 
alcohol, and laevulose as a ketone alcohol. Hence, it is customary to distinguish 
aldoses and ketoses. The same chemist also sho.ved that arabinose was an aldo- 
pentose, and in so doing laid the basis of an extension of the idea of carbohydrates. 
What was lacking was a method of synthesis. It is true, sugar-like bodies had 
been obtained from formaldehyde (p. 636), but it was E. Fischer who first demon- 
strated that a well-defined sugar, a^acrose, could be isolated from it. This, 
as will be observed later, became in his hands the starting-point for the synthesis 
of dextrose and of Isevulose. 

By reducing the lactones of the polyhydroxycarboxylic acids to hydroxy- 
aldehydes or sddoses, £. Fischer developed a method for the preparation of 
hydroxyaldehydes rich in carbon, or carbohydrates, from polyhydroxycarboxylic < 
adds obtained synthetically from aldoses by the addition of hydrocyanic acid 
and sulmquent hydrolysis. In this way carbohydrates, containing seven, 
eight, and nine carbon atoms in the molecule, were gradually built up (p. 616). 

The dextroses mostly crystallize badly, and for tiieir isolation and recognition 
phenylhydrazine was used. This, E. Fischer also discovered, gave the very best 
VOL, I. 2 S 
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assistance. Wohl showed how the oximes of the aldoses could be utilized in 
^ their breaking down (p. 617). < , 

• 

The monose character of a compound is very much affected by its 
constitution, as aldehyde alcohol — CH(OH).CHO, or ketone alcohol — 
CO.CH2.OH, in which the aldehyde and ketone group is directly com- 
bined with an alcohol group or groups. We thus have monoses con- 
taining not only six, but even a less or greater number of carbon and 
oxygen atoms. They are named according to the number of the 
oxygen atoms. 

The simplest aldose, glycolyl aldehyde, CH2OH.CHO, is an 
aldodiose. Glyceric aldehyde, CH2OH.CHOH.CHO, and dihydroxy- 
acetone, CH2OH.CO.CH2OH, represent an aldotviose and a ketotfiose 
(p. 534). The aldehyde and ketone of erythritol is an aldo- and keto- 
tetrose, as just developed under the pentoses {p. 615). Following the 
latter are the hexoses. In this class belong the real sugars : dexirose, 
IcBVulose, and galactose. 

In addition to the long-known hexoses — dextrose, laevulose, and 
galactose — many others have been discovered through E, Fischefs 
investigations, so that now the hexoses must be removed from the 
carbohydrate class, and be considered in immediate connection with 
their corresponding hexahydric alcohols. Then follow the heptoses, 
ocioses, and nonoses, as well as the oxidation products of these alde- 
hyde and ketone alcohols : the polyhydroxymonocarhoxylic acids, the 
polyhydroxyaldehydrocarboxyhc acids, and the polyhydroxypolycar- 
boxyhc acids. After the consideration of all these, the higher •carbo- 
hydrates, the saccharobioses, and the polysaccharides, which are the 
anhydrides of the hexoses, will be brought together and fully discussed 
(p. 656). 

2 A. PENT AHYDROXY ALDEHYDES AND 3 A PENTAHYDROXY- 
KETONES: HEXOSES. DEXTROSES (GLUCOSES). MONOSES 

Occurrence. — Some hexoses occur widely distributed in the free 
state in the vegetable kingdom, especially in ripe fruits. Esters of the 
glucoses (from sweet) with organic acids arc also /rcquehtly 

found in plants. They are called glucosides — e.g. salicin, amygdalin, 
conifenn, the tannins, which arc dextrose esters of the tannic} acids, 
etc. The glucosides are split into their components by ferments, 
acids, or alkalis. 

Formations. — (i) They are formed by the hydrolytic decomposi- 
tion of all di- and poly-saccharides, as well as of glucosides, by fer- 
ments (p. 113) (B. 28 , 1429), or by boiling them with dilute acids. 
(2) d-Mannose and d-fructose have been made artificially by oxidizing 
d-mannitoL (3) A far more important method pursued in th^.fo mation 
of the dextroses is to reduce the monocarboxylic lactones with sodium 
amalgam in acid solution {E. Fischer, B. 23 , 930). (4) Different 
optically inactive hexoses, particularly a-acrose or [d+1] fructose 
(p. 637), have been directly synthesized by the condensation of formic 
^dehyde, CH2O, and glyceric aldehyde. 

The [d+l] fructose, prepared in this way by £. Fischer is the parent 
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substance for the complete synthesis of those forms of mannitol, dex- 
trose, and laevulose, as occur in nature. 

Properties, — ^The hexoses are mostly crystalline substances, very 
soluble in water, but dissolving with difficulty in alcohol. They 
possess a sweet taste. The representatives of the hexoses occurring 
in nature rotate the plane of polarization, when in solution, either to 
the left or to the right. The stereoisomers of the more important 
hexoses found in nature have been prepared artificially, and by the 
union of the corresponding dextro- and laevo-forms the optically 
inactive [d+ 1 ] varieties have been obtained. One of these, [d+ 1 ] 
fructose or a-aciose, as previously mentioned, has been directly 3301- 
thesized. 

Reactions, — ^The hexoses show the general reactions of the alcohols, 
the aldehydes, and the ketones. 

. (1) The alcoholic hydrogen of the dextroses can also be replaced 
by metals on treating them with CaO, BaO, and PbO, forming saccha- 
rates, which correspond with the alcoholates, and which are decomposed 
by carbon dioxide. 

(2) On treating the alcoholic solutions of the hexoses with a little 
gaseous hydrocliloric acid, their ethers result : glucosides of the 
alcohols (B. 26 , 2400 ; 29 , 2927). 

{3) The hexoses combine with aldehydes, particularly with chloral, 
and with ketones, in the presence of inorganic acids, with an accom- 
panying loss of water (B. 28 , 2496). 

(4) The hydrogen of the hydroxyls can be readily replaced by acid 
radicals. A mixture of nitric and sulphuric acids (p. 323) converts 
them into esters of nitric acid (B. 31 , 73) — ^the nitro-compounds (p. 529). 
The acetyl esters are best obtained by heating the sugars with acetic 
anhydride and sodium acetate or ZnCl2. whereby five acetyl groups 
are thus introduced (B. 22, 2207). The pentabenzoyl esters are 
prepared with even less difficulty, it being only necessary to shake 
the hexoses with, benzoyl chloride and sodium hydroxide (p. 324) 
(B. 22, R. 668 ; 24 , R. 791). 

An elementary analysis will not yield a positive conclusion as to the number 
of a^yl groups that have entered compounds like those just mentioned. This is . 
ascertained .by first hydrolyzmg them with titrated alkali solutions, or, better, 
with magnesia (B. 12 , 1531)- Or, the acetic esters are decomposed by boiling 
them wrth dilute sulphuric acid. The acetic acid that distils over is then titrated 
(A. 220,*2I7 ; B. 28 , 1442). The presence of hydroxyl in the dextroses may also 
be proved by means of phenylisocyanate, with which they form carbanilic esters 
(B. 18 , 2606 ; C, 1904, I. lobS). 

(5) Alkyl sulphuric acids result on treating the dextroses with chlorosulphonic 
acid, ClHSOa- This is similar to the behaviour of alcohols when exposed to like 
treatment (B. 17 , 2457). 

The following reactions show the aldehyde and ketone character of 
the hexoses : 

(1) By redi€ction (action of sodium amalgam) they become changed 
into hexahydric alcohols. d-Mannoso and d-laevulose yield d-mannitol 
and d-sorbitol, galactose yields dulcitol, and d-sorbitol (and d-mannitol) 
seems to result from the reduction of d-dextrose (grape-sugar). 

(2) The oxidation of the hexoses does not occur directly upon 
exposure to the air, but takes place readily by the aid of ojddiziog 
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agents'; hence they show feeble reducing power. They precipitate 
c the noble metals from solutions of their salts, and even reduce am- 
moniacal silver solutions in the cold. A very marked (;haracteristic 
is their ability to precipitate cuprous oxide from warm alkaline cupric 
solutions. One molecule of hexose precipitates about five atoms of 
copper, as CugO. This is the basis of the gravimetric and volumetric 
method for the estimation of the dextroses by means of Fehling*s 
solution. Only maltose and lactose, of the di- and polysaccharides, 
act directly upon the application of heat. The others must be first 
converted into dextroses (p. 657). 

Fthiing's solution is prepared by dissolving 34*65 grams of crystallized copper 
sulphate in water, then adding 200 grams Rochelle salt and 600 c.cm. of NaOH 
(sp.gr. I *Z200), and diluting the solution to i litre. 0-05 gram of hexose is required 
to reduce completely 10 c.c. of this liquid. The end reaction is rather difficult 
to recognize, hence it is frequently recommended to estimate the separated 
cuprous oxide gravimetrically (B. 13, 826 ; 27, R. 607, 760 ; 29, R. 802). Consult 
B. 28, 1035, for Soldaini's suggestion of using a copper, carbonate solution for 
the estimation of the hexoses. 

The oxidation-products of the hexoses formed by the action of FMing*s 
solution vanes according to the concentration, and consist partly of penta- 
hydroxycarboxylic acids (p. 647) and partly of acids of lower carbon content 
down to formic and carbonic acids (A. 857, 259). 

The hexoses are converted into their corresponding monocar- 
boxylic acids (p. 647) by moderated oxidation with chlorine and 
bromine water, or silver oxide. The ketoses are more stable than 
the aldoses towards bromine and iodine solutions. 

More energetic oxidation changes them (as well as nearly all carbo- 
hydrates) to saccharic or mucic acids. Lactose yields both acids at 
the same time. 

(3) The aldohexoses produce a red coloration in a sulphitc-fuchsine solution 
(Schtffs reagent), whilst the ketohexoses, like laevulose and sorbinose, do not 
show this reaction (B. 27, R. 674). The penta-acetyl and pentabenzoyl deriva- 
tives of the dextroses and galactoses no longer show the aldehyde character 
(B. 21, 2S42 ; 22, R. 669). Hence, it is supposed that the hexoses possess a 
constitution like ethylene oxide or a lactone (B. 21, 2841 ; 22, 2211 ; 28, 2114 ; 
26, 2403 ; 28, 3080). 

(4) The aldoses yield mcrcaptals with mercaptans, in tlje prestace 
of hydrochloric acid (B. 27, 673). 

(5) Oximes are produced when alcoholic hydroxylamine kets on 
the h(XOses. To break down the aldoses, the acetyl hydroxy-acid 
nitriles, obtained from the aldoximes and acetic anhydride, are split 
into hydrocyanic acid and acetyl pentoses (p. 617) (B. 24, 993 ; 26» 

730)- 

(6a) Osamines are formed when the hexoses are acted on with methyl 
alcoholic ammonia. 

(65) The hexoses and aniline, as well as its homologucs, yield the anilides— e.g. 
dextrose anilide, CH201I[CH0H]4CH : NC^H^, which form cyanides with HNC 
— ^.g. anilidodextroso cyanide. CH,OH[CHOH] 4 .CH.(CN)NHC,H, (B. 27, 1287). 

(7) Hydrazine converts the aldohexoses into aldazines, and the ketohexoses 
into ketazines (p. 228) B. 29, 2308). 

(8) The phenylh3^drazine derivatives are especially interesting 

.(pp. 213, 356). (a) If one molecule oi the phenylhydrazine, as 
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acetate, is allowed to act, the first product will be a hydraxone, C^HuOi.* 
(N.NH.CeH^. This class* of compounds dissolves readily in water, 
(with the exception of those derived from the mannoses and the higher 
dextroses, B. 28 , 2118). They generally crystallize from hot alcohol 
in colourless needles. Cold concentrated hydrochloric acid resolves 
them into their components. BenzaJdebyde is also an excellent 
reagent for the decomposition of the phenylhydrazones (A. 288 , 140). 

With unsym.-diphenylhydrazine the slightly soluble diphenylhydrazones are 
mainly formed (B. 28, 2619, etc.)- Benzyl phenylhydrazme is very well suited 
for the preparation of pure sugars ; the benzyl phenylhydrazones are decomposed 
by formaldehyde, whereby the sugar is liberated and formaldehyde benzyl phenyl^ 
hydrazone, m.p. 41”, is formed (B. 82, 3234). Also, unsym.-metliyl phenyl- 
hydrazine, bromophenylhydrazine, and jS-naphthylhydrazine have been recom- 
mended from time to time for the precipitation and separation of the sugars 
(B. 85, 4444, etc.). 

(6) In the presence of an excess of phenylhydrazine the hexoses, 
like all dextroses, cohibine with two molecules of it upon application 
of heat and form the osazones (E. Fischer ) : 

C,H,,0,+2 H,N NH.C,H»-C,Hio 04(N NH.C,H,),-h2H,04-H,. 

Dextrosatone. 

The reaction is carried out by adding two parts of phenylhydrazine^ two 
parts of 50 per cent, acetic acid, and about twenty parts of water to one part of 
dextrose. This mixture is digested for about one hour upon the water bath. 
The osazone then separates m a crystalline form (B 17, 579 ; 20, 821 ; 28, 
2117). In this reaction a hydrazonc is first produced, and one of its alcohol 
groups, adjacent to either an aldehyde or ketone group, is oxidized to CO, two 
hydrogen atoms in the presence of excess of phenylhydrazme appearing as aniline 
and ammonia ; the aldehyde- or keto-group, which is formed, reacts further 
on a second molecule of phenylhydrazine. One and the same dextrosazone, 
CH,OH.(CHOH),C(N,HC.Hg)CH(N,HC,H,) (B. 23, 2118), is thus obtained 
from d-mannoso, d-dextrose, and d-laevulose. This would indicate that the 
four carbon atoms which did not enter into reaction with phenylhydrazine 
contain the atoms or groups of atoms with which they are combined similarly 
arranged. 

It is of importance in the separation of aldoses and ketoses that with 
unsym -alkyl phenylhydrazincs, such as a-methyl phenylhydrazme, only the 
ketoses yield the yellow methyl phenyl osazones, whilst the aldoses give the simple 
colourless hydrazoncs (B 35, 959, 2626). 

*The osazones are yellow-coloured compounds (see Tartrazme, p. 608). They* 
are usually insoluble in water, dissolve with difficulty in alcohol, and crystallize 
quite leadily. When dextrosazone is reduced with zinc dust and acetic acid it 
becomes converted into isodcxtrosamine (p. 637). Nitrous acid converts the 
latter into laevulose (B. 23, 2110). The reformation of the hexoses froBfi their 
osazones is readily effected by digestion with concentrated hydrochloric acid ; 
they are then resolved into phenylhydrazine and the osones' (B. 22, 88 ; 28, 
2X20 ; 35,3141): 

C«Hio 04 {NaH.C.H,)g-f 2 H, 0 «CH,OH.(CHOH),.CO.COH+ 2 N,Hs.C 4 H,. 

Dextrosazone. Dextrosone. 

The osones dissolve readily in water, and have not been obtained pure. 
They are also formed from aldoses aud ketoses directly by oxidation with HaO| 
ifi presence of ferrous salts (C. 1902, 1. 859). They combine, like keto-aldehydes, 
with two molecules of phenylhydrazine and form osazones. They are converted 
into ketoses by reduction, as when digested with zinc dust and acetic acid. In 
Ihis way fructose is prepared from dextrosazone (B. 8, 2i2Z). 

The osones, like all orthodicarbonyl compounds, yield quinoxalines (B. 88. 
2X2X) with the orthodiamines. The dextroses also combine directly with the 
ortho-phenylene diamines (B. 80| a8z). 
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(<:) Benzoyl hydrazide, or benzhydrazide« NHtNH.COC|H|, combines with 
the aldohexoses to benzosazones. which contain four benzhydrazide residues 
t (B. 29 , 2310) ; * 

C|Hi,0,+4NH,NH.C0C,H5=:C,H,0j(N.NH.C0C,Ii,)4-f4H, 0+311,. 


Synthetic and Degradation Reactions of the Hexoses, 

(i) Being aldehydes or ketones, the hexoses combine with hydro- 
cyanic acid, forming cyanhydrins, which yield monocarboxylic acids 
(p. 615). Their lactones can in turn be reduced to aldoses, whereby 
the synthesis of the monoses is achieved. Usually in the hydrogen 
cyanide addition the nitriles of both the acids possible theoretically 
are produced, but not in equal amounts. 


These two riMctions : (i) the hydrogen cyanide addition to the aldoses, and 
(2) reduction of the lactones of the hydroxycarboxylic acids, obtained from the 
nitriles, by means of sodium amalgam make possible the genetic connection of 
the following aldoses (B, 27 , 3192) ; 



^ 1 -Mannose 

“^l-Dcxtrose 

1 -Arabinosc- 


,1-1 dose 

I- Xylose 

Gnlose 

Rhamnose- 

-- Rha mnohexose 

d-Mannose- 

>d-Mannoheptosc 

d- Dextrose 

a-Glucoheptose 

d-Galactose 

j 9 -Glucoheptose 

a-Galahcptose 


‘/ 3 -GaIahc‘ptose 


' 1-MannoheptosS 

— >• Rhamnoheptose - - Rhamno-octose 

■ -Manno-o' tost* + d-Mannononose 

a-Gluco-octose ^ Glucononose 

jS-Gluco-octose 

^alaoctose 


(2) The degradation of the aldohexoses to eddopentoirs through their oximes, 
and by oxidation with 11,0, has already been discussed as a special case of a 
general reaction (p. 61 h). 

(3) The behaviour of the hexoses with alkalis, such as the hydroxides of sodium, 

calcium, lead, zinc, etc., is noteworthy. Dilute alkalis strongly depress the 
optical lotation of the naturally occui ring hexoses, as a result ol partial isomerisa- 
tion to the stereomcric aldoses and ketoses as far as the point of equilibrium (see 
B. 28 , 3078 ; A. 357 , 294). Mannose, dextrose, and lavulose yield a mixture of 
these three hexoses, together with ^-lavulose and glutose (or ^-ketohexost ?) ; 
similarly, galactose may yield \-sorhose, ^-tagatose, talose. and galtose* (or 3- keto^ 
hexose ?). ^ 

Longer action of alkalis decomposes this mixture of hexoses mainly into 
lactic and other acid (B. 41 , 1009). It is probable that the formation of lactic 
acid results from the initial formation of glyceraldehyde, w^hich loses oxygen and 
is changed into methyl glyoxal (p. 348), which in turn changes into lactic acid : 

CH,(OH)CH(OH)CH(OH) CH,(OH)CH(On).CHO > 

CH,(0H)CH(0H)^0 ->■ CH,(OH)CH(On).CHO >■ 

3-Ketohejcose (see above). Glyceraldehyde. 

CHjCO.CHO ^ CH,CH(OH)CO,H 

CH,CO.CHO >■ CH,CH(OH)COOH 

Methyl Glyosal. Lactic Add. 


The formation of methyl glyoxal, according to the above scheme, is made 
the more probable by the action of zinc ammonium hydroxide on dextrose pro- 
ducing methyl glyoxalinc, which should be prepared from methyl glyoxal and 
ammonia (p. 346) (B. 89 , 3886). 



ALDOHEXOSES 


In addition to the products of reaction between hexoses and alkalis, there 
are also formed — ^particularly when lime-water is employed — saccharic acids 
(p. 620), tiie production of whi^h results partly from an intra-molecular wandering* 
of oxygen, and also in a change of the form of the normal carbon chain (comp. 
A. 357, 294 : B. 41, 469, 1012). 

If air be passed through an alkaline solution of the hexoses, or if H^Oi be 
added, mainly formic acid is formed, together with higher molecular non-volatile 
acids, the formation of which is explained by partial decompo«fition of the hexose 
into formaldehyde and the oxidation of the latter into its acid (B. 39 , 4217) (see 
also p. 62S ; Fehhng*s solution). 

(4) Fermentation of the Hexoses . — ^The ready fermentation of the 
hexoses when exposed to the action of schizomycetes is characteristic 
of them. Th^ y undergo various decompositions. 

(а) The alcoholic fermentation of the hexoses is the most important 
decomposition of some of the aldohexoses which is induced by yeast 
cell^. d-Doxtrose or grape-sugar, d-mannose, d-galactose, and the 
ketohexoscs, d-fructose or fruit-sugar, are acted on in this manner. 
This subject was Examined in detail under ethyl alcohol (p. 112). 
The other hexoses are not altered by the yeast fungi (B. 27, 2030). 

(б) In the lactic acid fermentation, the hexoses, lactose, and gums decompose 
directly into lactic acid : 

the active agents being various kinds of fission-fungi — schizomycetes, bacilli, 
and micrococci. Deca5dng protein matter (decaying cheese) is requisite for 
their development, which only proceeds in liquids which are ndt too acid 
(p. 363). The temperature most favourable varies from 30-50®. Prolonged 
fermf*ntation cau jcs the lactic acid salts which arc formed to undergo 

(c) Butyric acid fermentation, which is due to the action of other bacilli (p. 259). 
This fermentation is explained chemically by the decomposition of lactic ^id 
into formic acid and acetaldehyde (p. 199), the condensation of the latter into 
aldol (p. 338) which changes into butyric acid with the intra-molecular wandering 
of an oxygen atom : 

CHpCBOH H CHpCHO CH.CHOH CHpCHp 

2 I ^2- + ^ I > I 

COOH . CQOII IIOC.CHs HOC.CH* HOpC.CH, 

(d) Citric Acid fermentation of dextrose (p. 610). 

{e) In mucous fermentation chains of cells are to be found, which convert 
dextrose into a mucoid, gummy substance, with the generation of COp. d-Mannitol 
and lactic acid are also formed. 

J 2A. ALDOHEXOSES 

(i) Mannpse, C0H12O0, is the aldehyde of mannitol. Like the 
latter, it exists in three forms (p. 610) : dextro-, laevo-, and inactive 
[d+\] mannose (spacial formulae, p. 641 ; constitution, p. 644). 

6-Mannose, Seminose, m.p. 136®, was first prepared by oxidizing ordinary 
d-mannitol, together with d-fructose, with platinum black or nitric acid (B. 
22 , 365). It is also obtained from salep mucilage (from salep, the tubers of 
certain orcliids), and most easily from seminine (reserve-cellulose), occurring in 
different plant seeds, particularly in the shells of the vegetable ivory nut, when 
this is boiled with dilute sulphuric acid (hence called seminose) (B. 22 , 609, 32x8). 
d-Mannonic acid yields it upon reduction. It reduces Fehling*s ^lution, and 
is fermented by yeast (B. 22 , 3223). When treated with alkalis it changes 
partly to d-dextrose and d-fructose (p. 630). Its hydrazone, m.p. I 95 *» dissolves 
with difficulty in water. Bcnzaldehyde decomposes it into ]fure crystallised 
d-mannose (B. 29 , R. 913). Its osazone, C*Hio04(N,HC,H|)t, is identical with 
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d-dextrosazone. d-Mannosoxime, m.p. 184^ (B. 24 , 699). Nascent hydrogen 
converts it into d-mannitol. Bromine oxidizes it to d-mannonic acid. Hydro- 
cyanic acid causes it to pass into d-mannoheptonic acid (p. 651). «, 

Methyl d-Mannose, C^HnOf.CHs, m.p. 190®, [a] 2 >‘^=+ 79*2 (B. 29 , 2928); 
pentanitrate, m.p. 81® (B. 81 , 76). 

l-Mannose results when l-manuonic lactone is reduced (p. 649 ; B. 28 , 373). 
It is very similar to the preceding compound, but is la;vo rotatory, and is fer- 
mented with more difficulty. Its hydrazone, m.p. 195®, also dissolves with 
difficulty. It unites with two molecules of phenylhydrazine to form l-dextro- 
sazone. It becomes converted into I-mannitol by reduction (B. 23 , 375). Methyl 
UMannose, m.p. 190®, 79*4® (B. 29 , 2929). 

[d+ 1 ] Mannose is formed (i) by the oxidation of a-acritol or [d+ 1 ] mannitol 
(p. 623), which can be obtained by the reduction of synthetic a-acrose or [d-fl] 
fructose ; (2) by the reduction of inactive [d +1] mannonic lactone ; (3) by the split- 
ting of a mixture of d- and 1 -mannose phenylhydrazone by formaldehyde (C. 1903, 
I. 1217). It is quite similar to the two preceding compounds, but is inactive. 
Its hydf ozone, m p. 195®, dissolves with difficulty, and is inactive. Its osazone 
is [d-fl]-dextrosazone, identical with a-acrosazone. Yeast decomposes it, the 
d-mannose is fermented, and 1 -mannose remains (B. 23 , 382). Methyl [d-fl] 
Mannose, m.p. 165®, is obtained from the solution of 4 qual quantities of its 
components at 15®. Below 8® the components crystallize out separately (B. 29 , 

2929). 

(2) Dextrose, CflHi206, is probably the aldehyde of sorbitol, and 
occurs as dextro-, laevo-, and inactive [d+1] dextrose (p. 642). 

d-Dextrose, or Grape Sugar, formerly called glucose, m.p. with 
one molecule of water 86®, anhydrous, 146®, occurs (with laevulose) 
in many sweet fruits and in honey ; also in the urine in Diabetes mellitus. 
It is formed by the hydrolytic decomposition of polysaccharides 
(sucrose, starch, cellulose) and glucosides. It is prepared on a large 
scale by boiling starch with dilute sulphuric acid (see B. 13 , 1761). 
The synthesis of dextrose has been made possible by the production of 
dextrose in the reduction of the lactone of d-gluconic acid (p. 637). 

Commercial dextrose is an amorphous, compact mass, containing only about 
60 per cent, dextrose, along with a dextrin-like substance, galhsin, Ci|H240|s, 
which is not fermentable (B. 17 , 2456). 

The best method for preparing pure crystallized dextrose consists in adding 
to 80 per cent, alcohol mixed with ^5 volume of fuming hydrochloric acid, finely 
pulverized sucrose, as long as the latter dissolves on shaking ( J. pr. Ch. [2] 20 , 244). 

I 

Dextrose crystallizes from water at the ordinary tempc/iature, or 
dilute alcohol, in nodular masses, with one molecule of water, 3yhich it 
loses at no®. At 30-35® it crystallizes from its concentrated aqueous 
solution, and from its solution in ethyl or methyl alcohol, in anhydrous, 
hard crusts (13. 15, 1105). 

Dextrose is not quite as sweet to the taste as sucrose, and is employed 
to '* improve " wines. 

When the ordinary crystalline dextrose is dissolved in water without the 
assistance of heat, it shows [a]D=+io6® ; if it be boiled for twenty-four hours, 
or if a trace of alkali be added to it the rotation falls to one half;‘[a]D=«-|-53. 
An equilibrium is here set up, and the more highly rotating a-dextrose can 
separated. But if melted dextiose be heated to 1 10® another modification-— 
)f-dextiose, [a]i)»+22 6® is obtained, which, in aqueous solution, slowly rises 
to [a]D*»+53®. lu pyridine solution dextrose (m.p. 146®) also exhibits birota^ 
tion ; if this solution be treated with acetic anhydride at o® mainly a-pentacetyl 
dextrose (p. 634) will be obtained. If, however, the solution be heated till it 
^ows the smaller angle of rotation, then /3-pentacetyl dextrose will be obtained 
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by the same reagent. Further, the highly-iotating form of a-methyl glucose 
(below), when hydrolyzed by the ferment maltase, yields the more highly 
rotating a-de^rose ; the lowdt p-ioim of methyl dextrose gives, with emulsin, # 
the lower rotating y- dextrose. 

It is, therefore, f>robable that there are two interconvertable stereomeric 
forms of dextrose having a alkylene oxi de or lactone struct ure 

CH,(OH)CH(OH)CH(<i)CH(OH)CH(OH)CH(OH) 
from which the stereomeric alkyl dextrose, pentacetyl dexliose, etc., are 
derived (A. 381 , 359)- 

In general, dextrose shows all the properties of the aldoses ; syn- and anti* 
(a- and fi-) d^dtfXtrose phenylhydtaxine^ m.p. x6o° and 141^, is Isvo-rotatory (A. 
362 , 78). 

d-Dextrosazone, a-variety, m.p. 145®; jS-variety m.p. 205® (B. 41 , 75) 
is lapvo-rotatory in aqueous solution. It may also be prepared from 
d~mannose and d-fructose, as well as from dextrosamine and isodextro- 
samine. Concentrated h3'drochloric acid converts d-dextrosazone into 
phenylhydrazine aijd dextrosone, CeHioO^ (p. 629); which regenerates 
d-dextrosazonc with two molecules of phenylhydrazine. It is a non- 
fermentable syiup (C. 1902, I. 895), and if it be reduced with zinc 
and acetic anhydride, is converted into d-fructose (B. 22, 88). 

Dextrose is converted, by reduction with sodium amalgam, into d-sorbitol 
with some d -mannitol, by acid oxidation, into d-gluconic acid and d-saccharic 
acid. Alkalis ronvert it partly into d-mannose and d-fructose (B. 28 , 3078) 
together with ^-fructose and glutose (p. 630) ; prolonged action of alkalis produces 
lactic and other arid products (p. 630). 

Milk of lime converts d'^xhose partially into saccharic acid (p. 620). Alkalis 
and Vnzhydraride break up the dexi osc molecule, and form benzoyl osazone of 
glyoxal and methyl glyoxal (B. 81 , 31). Ammonium zinc hydroxide gives methyl 
glyoxaline (p. 630). For the products of alkaline oxidation of dextrose, sec pp. 628, 
631. and B. 27 , R. 788. 

The quantitative determination of dextrose may be effected by means of 
alkaline mercury cyanide and mercury potassium iodide solutions (B. 39 , 504). 

Saecharates. — With banum and calcium hydroxide solutions dextrose forms 
saccharates, like C,H|, 0 , CaO, and CaHisO^.BaO, which are precipitated by 
alcohol. With NaCl it forms large crystals, 2C,HijO,.NaCl-f II^O, which some- 
times separate in tfie evaporation of diabetic urine. 

Alkyl d-Glucosides.— The glucosides are the ethereal derivatives of the 
dextroses. Those of dextrose particularly are frequently found in the vegetable 
kingdom. They generally contain the residues of aromatic bodies, and therefore 
will be disj:ussed later. The simplest glucosides are the alkyl ethers of the sugars) 
which arc produced in the action of IICl on alcoholic sugar solutions (B. 28 , 
xi5i).« jFfiW/wg’s solution and phenylhydrazine at 100® do not affect the alkyl d- 
dextioses. However, they are decomposed into their components when boiled 
with dilute acids, or by ferments (p. 631 ). These properties argue for the alkylene 
oxide formula' for the alkyl dextroses fp. 632) : 

a- and p-Meihyl Dextrose, C,H,iO,.CHa. m.ps. 165® and 107®, are stereochemi- 
cally different, the a-compound being dextro-rotatory [a] p 4- ==157 -6®, thej8-body 
being laevo-rotatory [a]x,— —31 '85° (B. 34 , 2899). They are formed together by the 
action of hydrochloric acid and methyl alcohol on dextrose, and can also be obtained 
from a- and j 3 -aceto-chloro orbromo-dcxtiose, methyl alcohol and si Ivor carbonate, 
and hydrolyzing the resulting tetra-acetyl methyl dextrose. j8-Methyl dextrose 
is formed from dextiose, dimethyl sulphate and alkate (B. 34 , 957, 2885 ; C. X905, 

I- I 593 )« The a-compound is decomposed by invertin, but not the /8-substatice, 
which, however, is attacked by emulsin (B. 27 , R. 885 ; 27 , 2479, 2985 ; 8^ 
XI 45). Ii a-methyl dext'ose be alkylized by means of silver oxide and iodo* 
methane in methyl alcohol there is formed, among other compounds, orMeikyl 
Tetramethyl Dextrose^ b.p.^^ 145®. Hydroly sis converts this into Tetfomethyl 

Dtutrm, CH^CH,CH( 0 CH.)CH((!>)CH( 0 CH,)CH( 0 CH,)CH 0 H. m.p. 89*. b.p,, 
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182-185*. It is also found by the hydrolysis of methylated saccharose and 
maltose, also from pentamethyl salicin (Vol. II.) (C. 1903, II. 346 ; 1904, II, 
891 ; 1906, II. 345 ; 1908, 1 . 1043). It is a reducing siibstance. exhibits muta- 
rotation, and is converted by oxidation into tetramethyl glucopic lactone. 

p-Phenyl Glucoside, m.p. 175®, is formed from / 3 -acetochloro- 

dextrose and sodium phenolate (B. 34 , 289S). 

o- and p~Pentacetyl Dextrose, C,H70(0C0CH,)5, m.ps. 112® and 131®. 
a- and 6 -Acetochlorodextrose, C,H,0(0C0CHjj4Cl, m.ps. 64® and 74*. 
a- and ^-Acetobromodextrose, C,H,0(0C0CHa)4Br, m.ps. 80° and 89°, are closely 
connected with the a- and ^-alkyl d-dextroses and must therefore possess a similar 
structure, a- and )8-pentacety] dextrose, which have lost their aldehi die character 
are formed from dextrose and acetic anhydride with zinc chloride, sodium acetate 
or pyridine (see above) ; zinc chloride causes the jS- variety to change into the a- 
form. When treated with liquid HCl or HBr one acetyl group is exchanged for 
a halogen atom and acetochloro- and acetobromo-dextioses result. The) 3 >aceto- 
halogen-dextroscs were first formed directly from dextrose by the action of acetyl 
chloride or bromide ; the jS-acetochlorodextrose being also obtained from pent- 
acetyl dextrose, PCI5 and AlCl,. They are remarkable for the reactivity of the 
halogen atom, which can readily be replaced by the acetyl, alkoxyl, and O.NOf 
groups. In the latter case, Acetonitrodextrose, C4H70(0C0CH,)4(.0N0,), m.p. 
1 51®, is formed, which crystallizes well. It is also forced from j8-pentacetyl 
dcxtiose and nitric acid (A. 331 , 3 Si). The following formulae express the probable 
structure of these compounds, in which the a- and p varieties are considered as 
being stercomeric (p. 633) (B. 34 , 957 . 2885, 3205 ; 35 , 833 ; C. 1902, I. 180) : 



([-Dextrose Mercaptai, CjHigOjCSCgHj)*, m.p. 127®, is obtained from d- 
dextrose, mercaptan, and HCl. d-Dextrose hlhylcnr Mercaptai, C4H12O5:- 
S2C2H4, m.p. 143®. d-Dextrose Trimethylene Mercaptai, C.HijOjiSjCjH*, m.p. 
130°. d-Dexirosebenzyl Mercaptai, CgHijOsCSCHg-C^lIgla, m.p. 133® (B. 29 , 547). 
Methylene Dextrose, CaHioCCHjlO*, m.p. 187® (B. 32 , 25S5). 
d-DfXtrose Monacetone, C4H,o04:C(CH,)2, m.p. 156®. d-Dextrose Diacetone, 
C.H404[C(CH,)2]s, m.p. 107® (B. 28 , 2496). 

d-Lhloralose, m.p. 189®, and d-Parachloralose , CalliaCljOj, m.p. 227®/ are 
two isomeric bodies, produced by the rearrangement of d-dextrose with chloral 
(B. 27 , R. 471 ; 29 , R. 177). * 

d-Dextrosoxime, CaHuOgNOH, m.p. 137®, when acted on with, acetic 
anhydride and sodium acetate, yields pentacetyl d-glucononitrile (p. 649), from 
which d-arabinose was isolated (p. 618). These are reactions which render 
possible the breaking down of the aldoses. Reduction to glucamine (p. 624). 

([-Dextrose Amtnoguanidine Chloride, C4H12Oj.CN4H4.HCl, m.p. 165®, is ob- 
tained from d-dextrose and aminoguanidine hydrochloride (B. 27 , 971). 

d-Dextrose Semicarbazone, m.p. 175® with decomposition (B. 31 , 2 i 99, footnote). 
d-Dextrose Aldazine, CHjOHLCHOHljCHiN— N:CH[CHOH]4CH,OH. is very 
hygroscopic (B. 29 , 2^,08). 

1 -Dextrose, m. p. 143®, is formed when the lactone of 1 -gluconic acid is reduced. 
It is perfectly similar to dextrose, but is laevo-rotatoiy, [a]n=— 31*4®. Its 
dextrosazone is, however, dextro-rotatory. Its diphenylhydrazone, CjHuOjiN.- 
N(C4H4)2, m.p. 163®, dissolves with difficulty (B. 23 , 2618). 

[d - 1 - 1 ] -Dextrose results from the union of d- and l-dextrose, and by the reduc- 
tion of [d - 1 - 1 ] -gluconic lactone. [d+iyDextrosazone, m.p. 218®, is also formed from 
inactive mannose, and from synthetic a-acrose, or [d-l-l]-lsvulose (p. 637) (B. 28 , 
383, 2620). 

b) Gnlose* CHtOH[CHOH]4CHO (space formula, p. 642), the second 
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aldehyde of sorbitol, is likewise known in its three modifications. They are 
formed by the reduction of the lactones of the three gulonic acids (p. 640), and 
by further reduction yield the sorbitol. They are syrups and are not fermented 
by yeast. ThI name gulose is intended to indicate their relationship to glucose 
(the old name for dextrose), the first aldehyde of sorbitol. 1 - and [d+ 1 ] Gulose 
Phenylhydrazone, m.p. 143®. l-Gulosasone, m.p. 156®. [d+ 1 ] Gulosasone, m.p. 

157-159®. 

(4) d- and Mdoses are prep ircd by the reduction of the idonic acids or their 
lactones (p. 650). They yield d- and l-iditolon reduction (p. 624) (space formula, 
p. 642). 

(5) Galactose, the aldehyde of inactive dulcitol (p. 624), formed by internal 
compensation, is known in three varieties. The [d+ 1 ] Galactose, m.p. 140-142®, 
results from the reduction of the lactone of [d+1] galactonic acid, and when fer- 
mented with beer yeast it becomes 1-galactosc; phenylhydrazone^ m.p. 158- 
160® ; osazone, m.p. 206®. 

I'Galactose, m.p. 163® (p. 642), yields dulcitol on reduction, and mucic acid when 
it is oxidized ; phenylhydrazone , m.p. 158-160® ; osazone, m.p. 206®. 

d-Galactose, CHa011[CH0H]4CH0, m.p. 160®, is dextro-rotatory and fer- 
mentable (B. 21 , 1573) (see also p. 642 ; B. 27 , 383). It is formed along with 
d-dextrose in the hydrolysis of lactose, of gcUactitol, CgHj ^07, a beautifully crystal- 
lized body occurring ilf yellow lupins (B. 29 , 896 ; and of various gums (called 
galacrans) (B. 20 , 1003), which nitric acid oxidizes to mucic acid. It is prepared 
by boiling lactose with dilute sulphuric acid (A. 227 , 224). Dulcitol is formed 
by its reduction, and galactonic and mucic acids by its oxidation. HNC and 
hydrochloric acid change it to galactose carboxylic acid (p, 651). When heated 
with alkalis it is converted into \~sorbose, d~tagatose, d~talose, etc. (p. 636). a- 
and j 3 -Mefhyl d-Galactose, m.p. in® and 173-175°- Emulsin decomposes the 
second (B. 28 , 1429). It stands in the same relation to pentacetyl galactose, 
m.p. 142°, acetochlorogalactose, m.p. 76® {82®), acetobromogalactose, m.p. 83®, 
and acetonitrogalactoss, m.p. 94°, as do the corresponding dextiose derivatives 
(p. 634). a- and p~Methyl Tctramethvl'G ala dose, etc., form, b.p.^^ 137®, )8-form. 
m.p. }5® (C. 1904, II. 892). a- and p~Galactose Pentanitrate, m.ps. 115® and 72® 
(B. 81 , 74)- Galactochloral , m.p. 202® (B. 29 , 544) ; oxime, m.p. 175®, see 
Pentacetyl Galactonic Nitrile (p. 650) ; osazone, m.p. 193®. Galactose Amido- 
guanidine Chloride (B. 28 , 2613). * The Ethyl MercaptaX, m.p. 127° ; Ethylene 
Mercaptal, m.p. 149° (B. 29 , 547). 

(6) d-Talose, CHaOH[CH011]4CHO, is formed by the reduction of the lactone 
of d-talonic acid (p. 650) (B. 24 , 3f>25). Space formula, p. 643 ; comp. B. 27 , 383. 

(7) Rhamnohexose, Methyl Hexose, CH8.CHOH(CHOII]4.CHO, m.p. 181®, is 
produced hy the reduction of rhamnose carboxylic acid ; osazone, m.p. 200°. It 
forms methyl hcptoiTic acid with hydrocyanic and hydrochloric acids. 

3 A. KETOHEXOSES 

T. Fructose, CH20H[CH0H]3.C0.CH20H, occurs as d-, 1-, and ’ 
[d+l] varieties. 

d-Pructose, L»vulose, Fruit Sugar (space formula, p. 646), m.p. 
95®, occurs in almost all sweet fruits, together with dextrose. It 
was discovered in 1847 by DubrunfauL It is formed, (i) together 
with an equal amount of dextrose, in the decomposition of sucrose, 
and is separated from the latter through the insolubility of its calcium 
compound (B. 28, R. 46). As fructose rotates the plane of polariza- 
tion more strongly towards the left than dextrose does to the right, the 
decomposition of the d-sucrose leads to the formation of a laevo-rotatory 
invert sugar solution (p. 113). 

(2) On heating inidin with water to 100® for twenty-four hours, 
it is changed exclusively to laevulose (A. 205, 162 ; B. 23, 2107). It 
can also be obtained from secalose, a carbohydrate contained in green 
rye plants (B. 27, 3325). 

(3) It is formed together with d-mannose in the oxidation of 
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d-mannitol ; also (4) from d-dextrosazone, which has been prepared 
from d-dextrose, as well as from d-mannosp. Th^s method of formation 
allies fructose genetically with d~dextrose and drmannose (p. 631). Hence, 
in spite of its laevorotation of [a]D=-- (A. 25 , 166), it is called 
d-fructose. Fructose crystallizes with difficulty, and dissolves with 
greater difficulty than dextrose. By reduction it yields d-mannitol 
and d-sorbitol ; and when oxidized the products are d-erythronic 
acid (p. 598) and glycollic acid. It is partially converted into dr 
dextrose and d-maimosc by alkalis (p. 631). Heated under pressure 
with a little oxalic acid, d-fructose becomes j8-hydroxy-S-methyl- 
furfural (B. 28 , R. 786). It yields d-fructose carboxylic acid (p. 651) 
when treated with hydrocyanic and hydrochloric acids ; this may be 
reduced to methyl butyl acetic acid, whereby the constitution of 
fructose is proved. Phenylhydrazinc and fructose yield d-dextrosazone. 

Methyl d-Fructose (B. 28, ii6o). Lavulochloral, mp. 228° (B. 29, R. 544). 

a- and ^-Lcevulosan Trinitrate, CgH705(N0*)8. in.ps. *37® and 48® (B. 81,76). 

1- Fructose is produced by fermenting [d+1] fructose (a-acrose) with yeast (B. 

28 , 389). 

[d 1 1] Fructose or a-Acrose. — The resolvable fructose modification is, by 
virtue of its own synthesis, of the greatest importance in the synthesis of sugars 
(p. 637). 

Historical. — Methylcmtan, the first compound resembling the sugars that 
was prepared, was obtained by Butlerow (1S61), who condensed trioxy- 
mcthylene (p. 199) with lime-water. O. Loew (1885) obtained formose, (CH,OH)j- 
C(OH)CH(OH).CO.CHgOH (?) (J. pr. Ch. 33, 321 ; C. 1897, I. 803, 906) in an 
analogous manner from hydioxymethylene, and somewhat later the fermentable 
methose, by the use of magnesia (B. 22, 470, 478). E. Fischer considers these 
three compounds mixtures of different dextroses, among which a-acrose occurs 
(B. 22, 360). The latter, together with ^-acrose, is obtained more easily by the 
action of barium hydroxide on acrolein b.'fomide, CgHjOBrj (E. Fischer and 
as well as from glyceric aldehydc,CH,OH.CHOH.CHO, or dihydroxyacetone, 
/. Tafel (B. 20, 1093)), and by the condensation of so-callcd glycerose (p. 534), 
CHjOH.CO.CHjOH, by condensation (B. 23, 389, 2131 ; 36, 2630). Reduction 
converts [d-f-l] -fructose or a-acrosc into [d 4-1] -mannitol or a-acritol. 

(2) d-Tagatose, C,lli,0,, m.p. 124®, is formed by the action of potassium 
hydroxide solution on galactose. It is a ketose. d-Tagatose, galactose, and 
talose yield the same osazone, and therefore bear the same relation to one 
another as laevulose, dextrose, and mannitol. The above-mentioned alkali 
treatment also produces Galtose and 

(3) 1-Sorbose, ^-Tagatose, m.p. 154®, the optical isomer of •* 

d-Sorbose, Sorbinose, C,HijO,, m.p. 154®. This is obtained from d-sorbitol 

(p. 624) by the action of Bacterium xylinum, and unites with 1-sorbose to form 
[d 4-1] sorbose. Reduction with sodium amalgam gives d- and l-sorbose„ as well 
as d- and 1-sorbitol and d- and 1-iditol (p. 6 34). They arc to the guloses and idoses 
what the laevuloses are to the dextroses and mannoses, and 9 re also ketoses 
(C. 1900. I. 75S). 

Hexose and Pentose Imines and Amines. Ammonia unites with the hexoses 
with loss of water to form dextrosimine, mannosimine, galactosimine, and forms 
with the pentoses arabtnosimine, xylosimine, etc., which are decomposed by acids 
into the original aldos' s and ammonia. Isomeric with the hexosimines is 

d-Dextrosamine, Chitosamine, CH,OH[CHOH]»CH(NH,)CHO, m.p. no® with 
decomposition (B. 31, 2476), is obtained, with other hexosamines, by hydrolyzing 
with hydrochloric acid the chitin of the armour of lobsters, and from the cellulose 
of the fungus Boletus edulis ; also from the hydrolysis of proteins, particularly 
mucine (see B. 84 , 3241, etc). It is therefore of preat physiological interest. It 
is prepared synthetically by reduction with sodium amalgam of the lactone of 
d-dextrosaminic acid, which is formed from d-arabinosimine, hydrocyanic, and 
hydrochloric acids (B. 86, 28). It loses water with phenyl cyanate, and forms 
a compound^ in.p. an®; phenylhydrazine produces as dextrosaione. With 
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hycln«ylamineit Imns m.p* about 122* (B. 81f 2198). Dextros- 

amine reacts with nitrous acid to form an unfermentable sugar Mtose (B. 86^ 
402 X ; 80, 2589) ; oxidation with bromine water produces drdexifosaminic acid 
(p. 651) ; with nitric acid isosaccharic acid, 

Isodextrosamlne, d-Fructosamine, CH,OH[CHOH]9CO.CHNH|, is obtained by 
reduction of dextrosazone, and when reduced by sodium amalgam yields d-mannos- 
amine and d-glucamine (p. 624). 

2B. ALDOHEPTOSES, 2C. ALDO-OCTOSES AND 2D. ALDONONOSES 
(E. Fischer, A. 270, 64). 

Just as aldohexoses can be built up from aldopentoses, so can aldo- 
heptoses be obtained from aldohexoses, and aldo-octoses from the 
aldoheptoses, etc., — e.g. hydrocyanic acid is added to d-mannose, 
the lactone of the d-mannoheptonic acid is then reduced to d-manno- 
heptose, which, subjected to the same reactions, yields d-manno- 
octos^ (see p. 630) . The heptoses and octoses do not ferment. Heptitols, 
octitols and nonitols are formed in their reduction (p. 624). 

d-Msnnoheptose, m.p. 135^, is obtained (1) from the lactone of 

mannoheptonic acid (p. 631) ; (2) perseitol yields it when oxidized (p. 625). 
Its hy dr ozone, m.p. about 198®, dissolves with difficulty ; osazone, m.p. about 
200® (B. 23, 2231 ). Sodium amalgam converts it into perseitol (p. 623). l-Manno- 
heptose (A. 272, 186). 

a-Dextroheptose, C7H14O7, m.p. about 190® ; osazone, m.p. about 195*. 
/S-Dextroheptose (A. 270, 72, 87). 

a-6alaheptose, C,H|407, fiom a-galaheptonic acid, forms an osazone, m.p. 
about 200® ; it is converted by hydrocyanic and hydrochloric acids into gala- 
octonic acid (p. 632). )8-Galaheptose, m.p. with decomposition 190-194®, is 
obtained from the lactone of j8-galahoptonic acid (A. 288, 139). 

d^Janno-octose, CgHieO,, is obtained from the lactone of manno-octonic 
acid (B. 28, 2234). a-6luco-octose (A. 270, 93). a-Galaoctose (A. 288, 150). 

d-Mannononoss, C^HigOg, the lactone of d-mannononomc acid, is very 
similar to dextrose. It ferments under the influence of yeast \ hydrazone, m.p. 223* ; 
osazone, m.p. about 227® (B 23, 2237). Giucononose (A. 270, Z04). 

THE SYNTHESIS OF GRAPE SUGAR OR d-DEXTROSE, AND OF FRUIT 
SUGAR OR d-FRUCTOSE 

As repeatedly m(*ntion d, E. Fischer succeeded in isolating a- Across or [d+l]- 
Fructose from the conden ation products of glycerose (p. 334) and formaldehyde 
(p- 199)' bis hand^ this became the parent substance for the preparation 
not only of laevulose or d-tnictose, and of dextrose or d-glucose, but also of 
d'Umnnose, of ordinary or d-mannitol, and of ordinary or d-sorbitol, as well as of the 
l-modificatit>ns corresponding with the bodies just mentioned. The intimate con-* 
nectionj between these substances are represented in a diagram given on p. 368. 

Follpwing the course laid down in this scheme, which finally culminated in the 
synthesis of Isvulose and of dextrose, the parent material is found to be a- Across 
or [d‘\-iy Fructose. This is produced by the aldol condensation of glycerose, 
a mixture of the first oxidation products of glycerol, through the agency of 
sodium hydroxide. The reduction of a-acrose yields a-acritol or \d-\-\y mannitol, 
which is arrived at in the following manner : When ordinary or d~mannitol is 
oxidized, d-mannose results, and the latter by similar treatment becomes d- 
mannontc acid, which readily passes into its lactone. 1-Arabinose also, by 
rearrangement through hydrocyanic acid, becomes \-arab%nose carboxylic acid 
or \-mannonic acid. Its lactone combines with the lactone of d-mannonic acid 
and the product is the lactone of [d-flj-mannonic acid. Upon reducing the 
three lactones in sulphuric acid solution with sodium amalgam, d-, 1-, and [d+1]- 
mannose, and [d-{-iymannitol, formed by the further reduction of the latter bodies, 
are produced. [d-y\y Mannitol is identical with a-acritol or a-acrose. Therefore, 
[d+i] mannonic acid became a very suitable parent substance in realizing the 
second synthesis, because a-acrose is very hard to obtain in anything like a desir- 
able quantity. 
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The course from [d+l]-niannonic acid divides in the same way to the d-deriva- 
tives as it does towar^ the 1-compounds, because [d+l]-mannonic acid, like 
racemic acid 601), can be resolved by strychnine and morphine into d- and 
1-mannonic acid. By the reduction, on the one hand, of the lactone of d-mannonic 
acid, d-ma»KO50 and d-mannitol are formed, and on the other hand, d-mannose 
and phenylhydrazine yield d-dextrosazone, which can also be obtained from 
dextrose or d-glucose, and laevulose or d-fructose. 

d-Dextrosazone yields dextrosone (p. 629), and the latter by reduction forms 
IsBVulose or d-fructose. 

To pass d-mannonic acid to d-dextrose, the former is heated to 140® with 
quinoline, whereby it is then partially converted into d-gluconic acid. Conversely, 
the latter under the same conditions changes in part to d-mannonic acid (comp, 
the intertransformation of d-dextrose and d-mannose, by the action of alkalis, 
(p. 630). d-Dextrose or Grape Sugar is formed in the reduction of the lactone 
of d-gluconic acid. d-Sorbitol is produced when grape sugar is reduced. Pro- 
ceeding from 1-mannonic acid, the corresponding 1-derivatives are similarly 
obtained. \~Ffuctose is also formed by the fermentation of [d-f-l]-fructose or 
a-ovrose, and \~mannose in like manner from [d-[-l]-mannose. 

The gulose groups and the sugar-acids, produced in the oxidation of the 
pentahydroxy-n-caproig acids, are also considered in the table. d-Saccharic acid, 
resulting from the oxidation of d-gluconic acid, becomes d-gulonic acid on reduc- 
tion, and the lactone of the latter by similar treatment changes to d-gulose, the 
second aldehyde of d-sorbitol. 

The aldohcxoscs are connected with the aldopentoses (i) through l-arabinose, 
which, by the addition of HNC, as already mentioned, passes over into arabinose 
carboxylic acid or 1-mannonic acid, and also into l-glucomc acid; (2) through 
the xyloses, the HNC-addition product of which is the nitrile of xylose carboxylic 
acid, or l-gulomc acid. Oxidation changes 1-gulonic acid to i-saccharic acid. 
\-Gulose and \-sorbitol are formed in the reduction of its lactone. 


A. THE SPACE-ISOMERISM OF THE PENTITOLS AND PENTOSES, THE 
HEXITOLS AND IIEXOSES 

The structural formula of the noimal, simplc.st pentitol : CHjOlI.CHOH.- 

CIIOH.CHOH.CHgOII, contains two asymmetric carbon atoms. The CHOH- 
group, standing between them is the cause ol two possible inactive modifications 
instead of one (the case with the taitaric acids), as the result of an internal com- 
pensation. Furthermore, tlu oiy permits of two optically active modifications, 
and a fifth optically inactive toim, arising from the union of the two optically 
active varieties. This is the Kiccmic or [d-f 1] modification, corresponding with 
[d 4-1] “tartaric acid or racemic .icid. These relations are most quickly and readily 
ma^e clear by means of the atomic models. The molcculc-modcl is projected 
upon the surface of the paper, and then formulae similar to those observed with 
tartaric acid an; derived : 


CO,H 

1 

1 

CO,H 

tOjH 

HO.r.H 

1 

H.C.OH 

1 

HOC.H 

1 

HC.OH 

H.C.OH 

CO.H 

d-Tutaiic Acid. 

1 

C'OgH 

1-Tartaiic Acid. 

j 

COJI 

i-Tarlaim Acid. 


A. Space-isomerism of the Pentitols and Aldopentoses. 

The formulae for the four stcreochemically different pentitols arise in the same 
manner as in the case of the tartaric acids. Suppose these four pentitols to be 
oxidized, in one instance the upper GHjOH group, and then the lower similar 
group having been converted into the CHO-group, there will result eighi^jtereo- 
chemically difierent aldopentose formulse, none of which passes into aoj^ other 
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by a rotation of i 8 o*. The number of predicted space-isomers with n sym- 
metric carbon atoms, and with an asymmetric formula may be more easily 
r deduced by applying the 2** formula of van *i Hoff, cn which n indicates the number 
of asymmetric carbon atoms. In the aldopcntoses hence : 


Pentitol (and Tti- 
hydroxy-- 
glutanc Acids). 


Aldopentoses (and Fentons Adds). 


(1) CH,. 

( (I') 

CHO 

H.ioH 

CH.OH 

(2‘) 

CHO 

1 

H.C.OH 

1 


H.ioH 

I 


HO.C.H 

1 

H.C.OH 

1 


1 

H.C.OH 

1 

H.C.OH 

1 

or 

HO.C.H 

H.C.OH 

1 


H.C.OH 

HC.OH 

1 


j 

HO.C.H 

1 

dHa.OII 
Adonitol (Rilotn- 
hydroxyglut.inr Aurl). 


1 

CHaOH 

CHO CHjOH 

1 Ribo'iP 

(1 Rib«>iiic Acid). 

(2) CUjOH 

( 3 *) 

CHO 

1 

CH*OH« 

(4’) 

CHO 

1 

H.cl.OH 


if.C.OH 

H.d.OH 

1 


IIO.CH 

1 

1 

HO.C.H 

1 


1 

HO( .H 

1 

HO.C.H 

or 

H.C.OH 

1 

H.C.OH 


H.C.OH 

1 

H.cS.OH 

1 


HO.CH 

CHaOH 
Xylitol (X’lotn- 
hydroxyglut.inc Acid). 


ClI,.OH 

1 Xvlose 

(1-Xylonic Acid). 

CHO 

d -Xylose. 

1 

CH.OH 

(3) CH,OH 

(5') 

CHO 

1 

enpn 

(6>) 

CKfO 

HO.C.H 

h.Aoh 


HO.( H 

1 

ho.Ch 

I 


1 

HO.C.H 

1 


H.C .OH 

H.C.OH 


HO.C.H 

1 

1 

H.C.OH 


1 

H.C.OH 

j 

H.C.OH 

1 


H.C.OH 

1 

ClIjOH 

d-Ar..bitol (cl Tn- 
hydroxyglulanc Acid). 


1 

CHaOH 
d-Ar^binose 
(d-Arabonic Acid). 

CHO 

CH.OH 

l-Lyxose 

(d-Lyxomc Acid). 

( 4 ) ch,oh 

(7M 

CHO 

H.doH 

CH,.OH 

H.C.OH 

(S') 

CHO 

1 

H C OH 



H.COH 

1 

HO c.n 

1 


1 

HO.C.H 

1 

HO.C.H 

1 


HCOH 

HO.C.H 


ho.Lh 

HO.C.H 

I 


1 

HO.CH 

j <■ 

1 

cHgOn 

l-Arabitdl (l-Tn- 
bydroxyglutaric Acui). 

CHaOH 
l-Ardbinose 
(l-Arabunic Acid). 

CHO 


CHaOH 


The stereoisomeric aldopcntoses are capable naturally of uniting to four 
inactive double molecuh's, which can be resolved. I'lie space-formula: (7^) and 
(3^) for ordinary or 1-aiabinose and the xyloses follow from the intimate con- 
nection of the l-arabinoses with 1 -dcxtrose, and the xyIos<'S with 1 -gulose, as will 
be shown later (p. 645). 

If the space formula of inactive xylitol may be considered as established, 
tlieie remains but one possible formula for inactive adonitol, the reduction product 
of ribosc. 

Four tnhydroxyglutaric acids (p. 62 1 ) correspond with the four theoreticaliy 



SPACE-ISOMERISM OF THE SUGARS, ETC. 641 

predicted pentitols. The same number of eight space isomers as indicated by 
the pentoses are po^ible also for the corresponding monocarboxylic acids, 
the tetrahydYOtcy-n-valenc aci^s, as well as for their corresponding aldehydo-s 
carboxylic acids, and also for the ketoses of the hexitol series, to which fructose 
belongs. 


B. THE SPACE-ISOMERISM OF THE SIMPLEST HEXITOLS AND THE SUGAR- 
ACIDS, THE ALDOHEXOSES AND THE GLUCONIC ACIDS * 

The structural formula of the normal and simplest hexitol: 

ClIjOH.ClIOU.CHOH.CHOH.CHOH.CHjOH, contains four asymmetric carbon 
atoms. The theory of van *t /fojJ^and Le Bel permits of ten possible space-isomeric 
configurations for such a compound. 

In tartaric acid (p. 0o(>) we started with the point of union of the two asym- 
metric carbon atoms in determining the successive series ; and in hexitol also 
we begin in the middle of the molecule, and then compare C-atom i with C-atom 4, 
and C-atom 2 with C-atom 3. In this manner the ten hexitol configurations given 
below have been derwed. 

If in each of IJie ten hexilols, in one instance the upper — CHaOH group, 
and in another the lower — ClljOH group 2, have been oxidized to aldoses, 
then twenty space-isomeric aldohexoscs vrould result. However, each of the 
four hexitols (Nos. i, 2, 3, and 4) yields two aldoses, whose formulae by a rotation 
of 180® pass into each other, wdiich consequently would reduce the number of 
possible space-isomeric aldohexoses to 16. 

Ten tetrahydroxyadijuc acids {saccharic acids) correspond with the ten space- 
isomeric hexitols ; .sixteen pcntahydroxy-n.-valeric or hexonic acids {gluconic 
acids), and sixteen aldchydotctrahydroxy-monocarboxylic acids {glucuronic 
acids) correspond with the sixteen space-isomeric aldohexoses. 

ihc hexitols and the tetrahydroxyadipic acids also have four inactive, racemic 
or [d+l]-niodifications, the aldohexoses, hexonic acids, and aldehydotetra- 
hydroxycarboxylic acids also 8 [d-|-l] -modifications, as is evident from an inspec- 
tion of the formula; in the aj^ponded tabic. 

The number of theoretically possible space-isomeric aldohexoses, containing 
four asymmetric carbon atoms in the molecule, are more readily derived by 
employing the van *t Hoff formula 2" given above with the aldopentoses. This 
for 2* would give sixteen space -isomeric aldohexoses. 

The space-1. so mgrism of the ketohexoscs, containing three asymmetric C-atoms, 
has been included in the i.somerism of the aldopentoses (p. O40). 


Hexitols {and Saccharic Acids). 

rW.Oll (2) t'Ha.OH 


(I.C.OH 

I 

H.C.OH 

I • 

HC.C.H 

I 

HO.C.H 

I 

CH.OH 

1-Mannitol 

G-Mannosaccharie 

Acid). 


Aldohexoses {and Hexonic Acids). 

(2‘) CHO 


HO.CH 

I 

HO.CH 

I 

H.C.OH 

I 

H.C.OH 

I 

CITjOH 

d-Miniiitol 
‘•‘■*11 (li.iiic 
A. Id). 


(ii) CHO 

I 

H.C.OH • 

I 

H.C.OH 

HO.C.H 

I 

HO.C.H 

I 

CH.OH 

1-Mannose 
(1-Mannoiiic Acid). 


HO.C.H 

I 

HO.C.H 

I 

H.C.OH 

I 

H.C.OH 

I 

CH,OH 

d-M.innose 
(d-Maunonic Acid). 


* Die Lagerung der Atome im Raum von /. H. van 'i Hoff, deutsch bearbeitet 
von F. Herrmann (Vieweg, Braunschweig, i Aufl. 1877 '• 2 Auil. 1894, andGrnndriss 
der Stereochemie von Hantzsch (Breslau, Trewendt, 1893). LehrbuchderStereo- 
chemie, von A, Werner (Fischer, Jena« 1904). 
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(3) . CH,.OH (4) CII.OH 

HO.C.H H.C.OH 

I I 

H.C.OH HO.C.H 

I I 

HO.C.H H.C.OH 

H.i.OH HO.C.H 

I 

CH,.OH CH,.OH 

Mditol d-Iditol 

(l-Idosacchanc Acid). (d Tdosacchanc Acid). 

(5) ClI,OH 
HO.C.H 

H.C.OH 

I 

HO.C.H 

HO.C.H 

CH*OH 

l-Sorbitol 
(1-Saccbanr Acid). 

(6) CH,OH 
H.C.OH 

I 

HO.C.H 

H.C.OH 

H.C.OH 

I 

CH.OH 
d-Sorbitol 
d’Sacchanc Acid). 

(7) CH.OH 
H.C.OH 
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CHjOH 
Dulcitol 
(Muiic Add). 


I (3‘) CHO 

HO!C.H *' 

I 

H.C.OH 

I 

HO.C.H 

I 

H.C.OH 

I 

CH.OH 

1 Idose 

(1-Idonic Acid). 

(5*) CHO 

HO.C.H 

H.C.OH 

I 

HO.C.H 

I 

HO.C.H 

I 

CH.OH 

l-Dextrose 
(1-Gluconic Acid) 

(7') CHO 

I 

H.C.OH 

I 

HO.C.H 

I 

H.C.OH 

I 

H.C.OH 

CHaOH 
d-Dextrosc 
(d-Gluconic Acid). 

{9>) CHO 
H.C;.OH 


( 4 I) CHO 

. H.ioH 

HO.^.H 

H.C.OH 

HO.<:.H 

I 

CH.OH 

d-ldose 

(d Idomc Acid) . 

(6^) CHO 

H.C.OH 
H.C.OH 
HO.C.H 
H.C.OH 
CH.OH 

l-Gulose 
1-Gulonic Acid). 

(8^) CHO 

I 

HO.C.H 

I 

HO.C.OH 

I 

H.C.OH 

I 

HO.C.H 

CHaOH 
d-GuIose 
(d-Gulonic Acid). 

(loM CHO 


HOC.H 

HO.C.H 

1 

H.( 

:.OH 

1 

HO.( 

Z.H 

1 

HO.C.H 

1 

'ax 

Loh 

H( 

:oH 

HC.OH 

HO.^ 

Lh 


CH.OH 

d'Galai Lo^e 
(d-Galar tonic Acid) 


CHaOH 
l-GalactObO 
(I'Galactonic Acid). 


CHaOH 

II*) CHO 

1 

(12*) CHO 

H.^ OH 

H.C.OH 

1 

H0.6.H 

1 

1 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

1 

H.C.OH 

1 

H.C.OH 

1 

HO.C.H 

1 

H.C.OH 

H.C.OH 

HO.C.H 


lutOH 

(AUoBiaeto Add ?)• 


CHtOH 


OlT*** 
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CH,OH (13’) CHO (I4>) CHO 

p.i.OH • H.C.OH h.(!;.oh , 

H.C.OH hAoH HoAh 

hAoH H C.OH HoAh 

HO.i.H HO.C.H HO.Lh 

(:H. 0 H AijOH 


HO.CH 

hAoh 


CH,OH 

(I 3 >) CHO 

p.i.OH • 

hAoh 

1 

H.C.OH 

H.C.OH 

hAoh 

1 

HC.OH 


1 

HO.C.H 

1 

(I'Tolomucic Add). 

CH.OH 

CH,OH 

(I 5 ‘) CHO 


hoAh 

1 

HO.C.H 

HO.C.H 

1 

1 

HO.C.H 

HO.C.H 


H.C.OH 


H.C.OH 


H.C.OH 

iH.OH 


CH.db CH,OH CH,OH 

d-Taiitol (d-Talomuac Add). d-Talose (d-Talonic Add). 

To render rational names possible, E. Fischer has proposed to indicate the 
configuration by the sign + or — . These are not intended to show the influence 
of the individual asymmetric carbon atom upon the optical properties of the 
molecule, as van Hoff formerly expressed it, but merely the position of a sub-, 
stituent upon the right or left side of the preceding configuration formulae. (See 
also B. 40 , 102. ) The formula should be so viewed that in the sugars the aldehyde 
or ketone group, and in the monobasic acids the carboxyls stand above. The 
numbers begin above, and the sign -f or — represents the position of hydroxyl, d.g. ; 

wGrape Sugar, d-Dextrose*:Hexanepentolal -i h + (Formula 7'). 

d-Gluconic Acid . =Hexanepentol acid H + + (Formula 7'). 

Laevulose, d-Fructose =Hexanepentol-2-one — -f- +. 

** In the case of symmetrical structure. — as it exists, for example, in the 
diacids and alcohols of the sugar group, — ^Ihere is no favoured position ; con- 
sequently, presuming that the numbering invariably proceeds from the top down, 
we get a doubled steric designation,*' e.g. ; 

d-Saccharic Acid . . «Hexanetetrol diacid -| + + or 1 

Dulcitol . . • . =Hexanehcxol . -f hor |-H 

DerlTatlon of the Space-formula for d-Deztrose or Grape Sugar, the most 
important aldohexose. The following relations arranged first in the diagram 
are the basis of this derivation : 

d-Gulose d-Gulolactone d-Gulonic Acid 

I. d-^rbitol^ ^ ^ ^d-Saccharic 

• X I ■ ^ Acid 

d-Dextrose <- d-Gluconolactone d-Gluconic Acid 
II. ( 1 - Dextrose — d-Dcxtrosazone — d-Mannose 
^d-Mannitol 


III. d-Fructose 


— d-Dextrosazone 


d-Sprbitol 


IV. 1 -Arabitol* -1-Arabinose 


1 -Mannonic Acid 
1 AvabinoM Carboxylic Add 


1 -Gluconic Acid — 
1 -Gulonic Add — 
Xyloae Carboxylic Add. 


V. Xylitol < Xylose 


l-Deactrose 

l-Gulose. 
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Diagram I shows that d-dextrose or grape sugar and d-gulose 3rield the same 
d-saccharic acid. Hence it follows that d<saccharic^acid ai^d the d-sorbitol corre- 
Csponding with it cannot have the formulae (i), (2), *(3), (4) (p. 641)/' because it is 
only the hexitols and saccharic acids, (5), (6), (7), (8), (9), (10), which yield two 
space-isomeric aldohexoses each. The formulae (7) and (8) of the six space- 
formulae represent, by virtue of internal compensation, optically inactive 
molecules, which therefore disappear for the optically active d-saccharic acid and 
d-sorbitol. 

The fact that d-saccharic acid and d-mannosaccharic acid, d-gluconic and 
d-mannonic acids, d-dextrose and d-mannose, d-sorbitol and d-mannitol, only 
differ by the varying arrangement of the univalent atoms or atomic groups with 
reference to the carbon atom, which in d-dextrose and d-mannose is linked to 
the aldehydo-group, makes it possible to decide between the stereoisomcric 
formulae (5) and (6), (9) and (10) ; for d- and 1-saccharic acid, d-mandose and 
d-dextrose, yield tiie same osazone. diagram II (p. 643). 1 -Arabinose treated with 
hydrocyanic and hydrochloric acids gives rise to both 1-mannonic or 1-arabinosc 
carboxylic acid, and 1 -gluconic acid (diagram IV. p. 643). The same relations 
which are observed with 1-mannonic and 1-gluconic acid prevail naturally 
with their stereoisomers — d-mannonic acid and d-gluconic acid. A mixture of 
d-mannitol and d-sorbitol is obtained by the reduction of dcfructose. 

Assuming that d-sorbitol and d-saccharic acid possessed the space-formulae 
(9) or (10) (p. 643): 

(9) CH.OH (10) CHaOH 




HO.C.H 


H.C.OH 

I 

H.C.OH 

I 

H.OC.H 

I 

CHgOH 


HO C.H 

I 

HO.C.H 

I 

H.C*.OH 

I 

CHaOH, 


then d-mannitol, and also d-mannosaccharic acid, would have the formulae 

( 8 ) 


( 7 ) 

I 

H.C.OH 

I 

HO.C.H 

I 

HO.C.H 

I 

H.C*.OH 

I 

CHjOH 


CH.OH 

I 

HC*.OH 

I 

HC.OH 

I 

HC.OH 

I 

HC.OH 

I 

CH.OH. 


because only these formula' differ from (9) and (10) exclusively in the varying 
arrangement of the atoms or atom groups with reference to asymmetric carbon 
atoms, designated by asterisks. However, formulae (7) and (8) by internal 
compensation give rise to inactive molecules, consequently cannot give back the 
configuration of d-mannitol and d-mannosaccharic acid. 

Thus, for d-sorbitol and 1 -sorbitol, d-saccharic acid and 1 -saccharic acid there 
remain only formula (5 ) and (6), from which (6) is arbitrarily selected for d-sorbitol 
and d-saccharic acid, and (5) for 1 -sorbitol and 1 -saccharic acid. When this 
has been done then all further arbitrary selection ceases ; now the formulae for 
all optically active compounds connected experimentally with saccharic acid 
are regarded as established (B. 27 , 32x7). Hence, the space-formula (2) falls 
to d-mannitol and d-mannosaccharic acid, and formula (1) to l-mannitol and 
l-mannosaccharic acid, which would also give formulae (2 ) amd (i^) to d- and 
l-mamnonic acids (p. 648). 

The aldohexoses (7^) and (8^) (p. 642) correspond with d-sorbitol amd the 
sacchauric acid with sp^e-formula (6) : 



SPACE-ISOMERISM OF THE SUGARS, ETC. . 645 


(6) CH,OH 

I 

H.C.OH, 

I 

HO.C.H 

I 

H.C OH 

I 

H.C.OH 


(7I) CHO 

I 

I 

HO.C.H 

I 

H.C.OH 

H.C.OH 

I 

CH,OH 


(8>) CHiOH 

H.koH 

I or when 

HO.C.H rotated 

I x8o* 

H.C.OH 

I 

H.C.OH 

1 

CHO 


( 8 ») 


CHO 

I 

HO.C.H . 

( 

HO.C.H 

I 

H.C.OH 

I 

HO.CH 

I 

CHtOH 


CHjOH 

d-Sorbitol (d'Saccharlc Add). 

In order to obtain the aldehyde group at the top of the formula image, formtila 
(8^) must be turned 1 80*. This converts it into formula and the succession of 
the atomic groups attached to the asymmetric carbon atom is naturally not altered. 

The choice between formulae (7^) and (S>) for d-dextrose and d-gulose still 
remains. We are able to determine this if we can select out the space-formulae 
for the two stereoisomers — 1-dextrose and 1-gulose. This is possible with a 
proper consideration of the genetic relation of the last two bodies with l-arabinose 
and xylose, as represented in diagrams IV and V (p. O43). 

The formulae (5^) and (6^) of the aldohexoses correspond with the formula (3) of 
l-saccharic acid. (6*) when rotated becomes (6^) : 

”(5‘) CHO 

I 


(5) CH,OH 


HO.C.H 

I 

H.C.OH 

I 

HO.C.H 

I 

HO.C.H 


k 


HO.C.H 

I 

H.C.OH 

HO.CH 

HO.C.H 

I 

CHaOH 


CHjOH 

HO.C.H 


(61) 


CHO 

H.C.OH 


H.C.OH 

HO.C.H 

I 

HO.C.H 

I 

CHO 


or when 
rot ted x8o* 


H.C.OH 

I 

HO.C.H 

H.C.OH 

I 

CH,OH 


:h,oh 

1-Sorbitol (1-Sacchaiic Add). 

Remembermg that, according to diagram IV (p. 04^), it is possible to obtain 
d-dextrose from l-arabinose, and, according to diagram V, 1-gulose from xylose, 
then the pentoses mentioned must have the space- formulae which can be derived 
for formulae (5^) and (6^) by omitting the first of the C*-atoms, by which the 
structure becomes asymmetric : 


(61) 


(5‘) 


CHO 

I 

H.C*.OH 

I 

,H.C.OH 

HO.C.H 

I 

H.C.OH 

CH.OH 

1-Gulose. 

CHO 

1 

HO.C*.H 
.. I 
H.C.OH 

hoAh 

HO.C.H 

(!h,oh 


CHO 

H.C.OH 

I 

HO.C.H 

H.C.OH 

I 

CH.OH 

Xylose. 


CHO 

I 

H.C.OH 

I 

HO.C.H 

HO.C.H 

I 

rH,OH 

hAfSbiBOM. 


CH.OH 

1 

H.C.OH 

I 

HO.C.H 

I 

CH.C.OH 

I 

CH.OH 

Xyhtol. 


CH.OH 

I 

H.C.OH 

I 

HO.C.H 

HO-kn 


Htpn 
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It is at once seen that the aldopentose corresponding with formula (6^) must, 
by reduction, yield an inactive pentitol, xylitol (p. 6r6}-^through an internal 
compensation. Similarly, the pentose with formula (5^) changes tp an optically 
active pentitol — l*arabitol (p. 616). In this manner is fixed not only the configura- 
tion for xylitol and xylose, 1-arabitol and 1-arabinose, but it is also demonstrated 
that 1-gulose, from xylose, has the formula (6^), and 1-dextrose, synthesized from 
1-arabinose, the space-formula (5^). (8^) is the stercoisomeric formula of space- 

formula (6^), whmh, therefore, belongs to d-gulose. Formula (7I) corresponds 
with space-formula (5^), and hence it belongs to d-dextrose. From all this it would 
follow that d- and 1-mannoses have formulae (2^) and (i^), which facts confirm 
that d-dextrose and d-mannose on the one hand, and 1-dextrose and 1-mannosc 
on the other, pass into the same dextrosazone — i.e. they differ only in the con- 
figuration at one asymmetric C-atom. 

When it is remembered that d-fructose, by reduction, yields a mixture of 
d-mannitol and d-sorbitol, and d-dextrosazone on treatment with phenylhydrazine, 
it will be recognized that both it and its corresponding d-arabinose muat have 
the space-formula; : 

CHj.OH 
O 

ho.(!:.h 

I 

H.C.OH 

hAoh 

CH,OH 

d-Fnictose. 

The configurations of other ketoses, such as tagatose and sorbose (p. 636), can 
similarly be derived. 


CHO . 
HO.d.H 
H.t.OH 
H.i.OH 
C'U.OH 

d-Arabitiose. 


DERIVATION OF THE CONFIGURATION OF d-TARTARIC ACID 


The configuration of d-tartaric acid is evident, according to E. Fischer, from 
its production in the oxidation of d-saccharic acid. The formula of the latter has 
been previously deduced above. It is in harmony, therefore, with its formation 
in the oxidation of methyl tetrose (p. 597), a decomposition product of rhamnose. 
The latter, when oxidized, passes into 1-trihydroxyglutaric acid. The a-rhanmo- 
hexonic acid, obtained from the latter by the hydrocyanic acid addition, yields 
mucic acid on oxidation, and the latter, on similar treatment, changes to racemic 
acid. Assuming that the methyl group of rhamnose is eliminated in the oxidation 
of rhamnohexonic acid, rhamnose would have the following con^guration- 
formula : 




CO,H 

HO.i.H 


CHO 

CO,H 

h.<!:.oh 

J 


H.C.OH 

1 

1 

H.C.OH 

H.C.OH 

1 

H.C.OH ■ - 
J 

HO.A.H 

H.C.OH 

1 

HO.C.H 

1 

?iH.OH 

HO.C.H 

1 

CO,H 

1 

?CHOH 

CH, 

(1h, 


l^THhydcoxy- 

RhamnoM. 

a- Rhamnose 

ghitaric 


Carboxylic 

Add.^ 


Acid. 


COaH 

CO,H 


HO.cl.H 

H.d.OH 

HO.(i.H • 

1 

CO,H 

H.C.OH 

► J 

^ io,H 

H.I:.OH 

H.C.OH 

1 

HO.i.H 

HO.C.H 

(io,H 


<!»,h 

Muclc Add. 

Racemic Add. 


This assumption has been proved through the behaviour of the stercoisomeric 
kiatnnohexonic acid, which results on heating a-rhamnohexbnic acid to Z40* 
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with |>yridine. All experiences go to show that the two stercoisomeric rhanmo- 
hexonic acids only diiSer in the arrangement or position of the carboxyl group 
in direct uniop with the asynAnetric carbon atom. Had the methyl group not ^ 
been split o£E in the oxidation, but merely changed to carboxyl, •then a- and 
j8-rhamnohexonic acids would have yielded the same mucic acid, because the 
asymmetric C-atom linked to carboxyl in a- and ) 9 -rhamnohexonic acid, that 
caused the diherence in the two acids, would have been oxidized to car^xyl. 
)8-Rhamnohexonic acid, however, oxidizes to 1-talomucic acid, which justines 
the preceding assumption, and consequently proves the configuration, even to 
the position of the asymmetric carbon atom linked to methyl. 

WohVs procedure permits of the conversion of rhamnose into methyl tetrose, 
which is oxidized to d-tartaric acid by nitric acid. Hence, we may suppose that 
here the methyl group is split ofi as in the case of the oxidation of rhamnose 
to 1 - trihydroxy glutaric acid, and of a-rhamnohexonic acid to mucic acid. This 
then demonstrates the configuration of d-tartaric acid (B. 29 , 1377) : 


CHO 

h.(!.oh 

II C'.OH 

? (!h.OH 

(!h, 

Rhamnose. 


CHO 
►H.i.oil 
■> HO.C.H 

•c!h.' 


OH 


CIl, 

Methyl Ti trose. 


CO,H 

H.c^.ori 

1 . .. 

d-Tartanc Acid. 


CO^ 

H.i.OH 

ho.<!;.h 

I 

H.C.OH 

H.C.OH 


I 

CO,H 

d-Saccharic Add. 


4. Hexaketones. Oxalyl Ihs-acetyl Acetone, (CHsCO)sCHCO.CO.CH(COCHs)2, 
is the parent substance of dicyano-hvsi-acetyl acetone, aa^-TelY acetyl pBi-Diimino-- 
butane, (Cll3CO)CHC(NH).C(NH).CH(COCH3)g. m.p. 147°, which is prepared 
from dicyanoinonacetyl acetone (p. 509), acetyl acetone, and a little alcoholate. 
Even when boiled in water it is changed into a carbocyclic derivative (A. 882 , 146). 


5. POLYHYDROXYMONOCARBOXYLIC ACIDS 


A. PENTAHYDROXYCARBOXYLIC ACIDS 


These acids ayre produced (i) by the oxidation of the alcohols and 
aldoses corresponding with them (B. 32 , 2273), by means of chlorine and 
bromine water ; (2) by the reduction of the corresponding aldehydo- 
acids and lactones of dicarboxylic acids ; synthetically, from the 
alflopentyses (arabinose, rhamnose, p. 618) by means of HNC, etc. 
This is analogous to the synthesis of glycollic acid from formaldehyde, 
and efhylidene lactic acid from acetaldehyde : 


CHO 

CH, 

CHO 

[CHOH], 

CH.OH 

1‘Arabinose. 


HNC 


CN 

CH(OH) 

CHa 

CN 

- [CH0H]4 — 
CHaOH 
l-Ghicononitrile. 


HCl 

2HaO 


CO,H 

CHOH 

CH, 

COaH 

> [CH0H]4 
CHaOH 


I'Gluooiiic Acid. 
I'Arabinose Carboxylic Add. 


Behaviowr , — (i) Being y- and 8-hydroxy-derivatives, nearly all of 
these acids are very unstable when in a free condition. They ’ 
water readily and pass into lactones (p. 371) : 

-HaO 
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(2) The capacity of the* lactones, but not the acids themselves, to 
pass into the correspond inj^ aldohexoscs by coijibination with two 
^ atoms of hydrogen (E. Fischer), is of great Importance in the synthesis 
of the aldoses (p. 625) : 


C.H.oO. - 
d-Glu conoUc tone . 


d-Dextrose. 


(3) These acids, acted on with phenylhydrazine, form characteristic 

crystalline phenylhy dr azide:,, CjHnOa-CO.NjHjC.H, (B. 22, 2728). They are 
decomposed into their components when boiled with alkalis. They are dis- 
tinguished from the h5’drazones of the aldehydes and ketones by the reddish- 
violet coloration produced upon mixing them with concentrated sulphuric acid 
and a drop of ferric chloride. ^ 


(4) Heated to 130-150® with quinoline or pyridine a geometric 
rearrangement ensues, which, is, however, restricted to the asymmetric 
carbon atom in union with the carboxyl (comp, the inter-transformation 
of stereonu'ric hexoses under the influence of alkaji, p. 630). It is a 
reveisibli' icaction, and therefore yields a mixture of both stereo- 
isomers, c.f'. (B. 27 , 3193) : 


d- and 1-Gluconic Acid 


d- and 1-Mannonic Acid. 


1-Gulonic Acid 


1-Idonic Acid. 


d-Galactonic Acid 


d-Talonic Acid. 


(5) These acids are reduced to lactones of the y-monohydroxy- 
carboxylic acids (p. 374), if they are heated with hydriodic acid. 

(6) Oxidation of the hexonic acids or their lactones with hydrogen 
peroxide and ferric acetate, causes degradation to the pentoses (comp, 
p. 6ib). 

Isomerism, — Spacial isomers of pentahydroxy-n.-caproic acid are as 
numerous, according to theory, as the aldohexoscs (p. 641), i.e. sixteen 
optically active and eight [d-f-l]-modifications, >Ahich arc inactive. 

Mannonic Acid, C5He(0H)5.C02H. The syuiji-like acids — d-, 1 -, 
and [d+1] -mannonic acids — yield d-, 1-, and [c\-\-l]-niannosaccharic acid^ 
on oxidation (p. 653). They change to lactones on the evaporation o^ 
their solutions ; which by further reduction yield d-mannitol, \-mannitol, 
and \d+Y\-mannitol, \d+\y Mannitol is identical with a~acritol, the 
reduction product of synthetic a-acrose or [d -fl]-fructose. As [d+ 1 ]- 
mannitol or a-acritol, when oxidized, yields [d -l-l]-mannose^ and the 
latter by similar treatment becomes converted into [d-fl]-mannonic 
acid, which can be split into d-mannonic acid and 1 mannonii acid, 
the complete synthesis of all bodies of the mannitol series can be 
realized through these reactions (p. 637) : 

d-Mannitol^d-Mannose < — d-Mannonolactone 

d-Mannonic Acid — d-Mannosaccharic 

Aci I 

a-Acrose->'a-Acritol-<^[d-fl] Maiinose^[d-hl]-Mannonic Acid->" [d-f 1]-Mani osac- 
(d+ 11 - Fructose [d+ 13- Man- chaiic Acid 

1-Mannonic Acid ^ 1-Mannosaccha- 


l-Mannitol-<-l-Mannose 1-Mannonolactone. 


ric Acid 


d-Mannonolactone. CjHiqO*, m.p. 149-153® [a]D=-f-53'8* 
1-Mannono actone, ,, 140-150® [a]De*+54*8* 

[d fll-Mannonolactone (C,HioO,),, m.p. 149-155®* 
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d- and \-Mannanic Acid Phenylhy dr azide, CcHiiOe(NaHs.CfHs), m.p. 215*. 
[di~\‘\yMannonic Acid Pkenylhydrazide, m.p. about 230® when it is rapidly 
heated. The Jiydrazidls are oonverted into the acids on boiling with barium 
hydroxide solution (B. 22, 3221), a reaction which is well adapted for the purihea- * 
tion of the acids, d- and VMethyUne Mannonic Lactone, (CsH,0,(CH2), m.p. 206® 
(A. 810, 181). 

A very important feature is that a partial conversion of d- and I- 
mannonic acid into rf- and /- gluconic acids occurs on heating the former 
to 140® with quinoline. The last two acids, subjected to the same treat- 
ment, change in part into d- and 1-mannonic acids. 

This method of preparing d~ and l-gluconic acids shows the genetic 
connection existing between d- and l-dextrose and the mannitol series, and 
thereby renders possible the synthesis of dextrose. 

The formation of 1 -mannonic acid or 1-arabinose carboxylic acid 
(together with 1-gluconic acid) from 1-arabinose by means of hydro- 
cyanic acid, constitutes one of the transitions which allows of the 
s}mthesis of aldohaxoses from aldopentoses : 

( l-Mannonic Acid ^ 1-Mannonolactone ^‘l-Mannose 

l-Arabinose Carboxylic Acid. 

l-Glucouic Acid 1-Gluconolactone >"l-Dextrose. 

Gluconic Acid, CH20H[CH0H]4C02H, is known in the d-, 1 -, and 
[d-fl]-modifications (B. 23 , 801, 2624; 24 , 1840) (space formula, 
see p. 642). 

I. The lactones of these three acids change to d-, 1-, and [d-fl]- 
dextrose on n'duction. 

2. By oxidation they become converted into d-, 1 -, and [d-[-l]- 
saccharic acids. 

3. When heated to 140° with quinoline they change in part to d-, 

1 -, and fd-|-]]-mannonic acids (p. O48). Conversely, d-, 1 -, and [d-f-l]- 
gliiconic acids are obtained by the same treatment from d-, 1-, and 
[d +l]“inannonic acids. 

The d- and \phcnylhy dr azides, CeHiiOe(N2H2.CeH6), m.p. about 
200® when they are rapidly heated ; [d-^-iyphcnylhydr azide, m.p. 190®. 

d-Oluconic Acid, Dextronic Acid, Malionic Acid, is formed (i) by 
the oxidation of dextrose, sucrose, dextrin, starch, and maltose wit.h 
chlorine qr bromine water ; and is most readily obtained from dextrose 
(B. 17 , 1298) ; (2) from d-mannonic acid. Gluconic acid forms a 
synipi* which, when evaporated or upon standing, changes in part to 
its crystalline lactone, CflHioOe, m.p. 130-135®. Sodium amalgam 
reduces it to d-dextrose or grape sugar (B. 23 , 804). Its barium salt 
cr3^tallizes with three molecules of water ; calcium salt with one. 
The acid is dextro-rotatory. On the conversion into d-arabinose by 
oxidation with H2O2, see p. 618. 

Pentaceiyl Glucononitrxle, CjHg(O.C,HaO)5CN (B. 26, 730). Dimetkylene 
Gluconic Acid, C,H807(:CH,)„ m.p. 220®, is prepared from d-gluconic acid and 
formaldehyde (A. 292, 31 ; 310, 181). 

1-Gluconic acid is formed (i) from 1-mannonic acid (p. 648} and (2) together 
with 1-mannonic acid from 1-arabinose by aid of HNC. 

[d-f-lj-Glueonie Acid is obtained from a mixture of d- and 1-gluconic acids. 

Its calcium salt, which dissolves with difiiculty, is obtained, like calcium racemate, 
by mixing solutions of d- and 1-calcium gluconates. 

Gulonie Aoid, CH|OH[CHOH]4COiH, is known in three formiSi which 
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become converted into d-, 1-, and d+1] -saccharic acids (p. 653) when they are 
oxidized. The reduction of their lactones produces d-. 1-, and 
♦ (p. 635). 

d-'GulonIc Acid is obtained by reduction both of glucuronic acid (p. 752) 
and d-saccharic acid ; lactone, nL.p. 181" ; phenylhydrazide, m.p. 148^ (B. 24, 
526). 

1-Gulonle Acid, Xylose Carboxylic Acid, results when xylose is acted on with 
HNC. This reaction unites also the aldopentoses with the aldohexoses. 1-Idonic 
acid is produced simultaneously, and when heated with pyridine changes partially 
to 1-gulonic acid. VGulomc Lactone, m.p. 185®, yields 1-xylose when oxidized 
with H,0, (p. 619) ; phenylhydrazide, m.p. 147-149® (B. 23, 2628); 24, 528). 

[d-f-l]-6ulonlc Acid readily changes into its lactone, which by crystallization 
splits into d- and 1-trulonolactone. Calcium [d+l]-gulonate dissolves with more 
dilEculty than calcium d- and 1-gulonate ; phenylhydrazide, m.p.«» 1 53-1 55® 
(B. 26, 1025). 

1-ldonio Acid is formed together with 1-gulonic acid from xylose, and is 
separated by means of its brucine salt from the mother liquor of 1-gulonolactone. 
Heated with pvricline to 140®, it changes in part to 1-gulonic acid, and vice versd. 
1-ldose is its reduction product (p. 035). d~Idonic Acid, obtained from d-gulonic 
acid by moans of pyridine, yields d-idose on reduction (B. ^8, 1975). 

Galaotonic Acid, CHa0H[CH0H]4C02H, is known in three modifications, 
[d-\-l]-Galactonic Acid results in the reduction of ethyl mucic ester and also of 
the lactone of mucic acid ; [d+iyiacione, m.p. 122-125® ; phenylhydrazide, m.p. 
205®. This acid can be resolved by means of its strychnine salt into the 1-salt, 
which is more easily soluble in alcohol, and the d-salt, which dissolves with more 
difficulty (B. 25, 1256). VGalactonic Acid resembles in a remarkable degree the 
longer-known — 

d-Galactonic Add, Lactonic Acid, CHsOH[CHOH]4COgH, which is produced 
from lactose, d-galactose, and gum arabic by the action of bromine water ; also, 
with d-talonic acid, from d-l3^ose cyanhydrin by hydrolysis (B. 88, 2146) . It 
can be converted into d-talonic acid, and then be prepared from the la;fter. 
It is converted into mucic acid by oxidation with nitric acid (p. 654). It crystal- 
lizes, and at 100®, yields d-gatactonic lactone, CgHipOg, m.p. 91®, Which unites 
with water of crystallization to form CjHioOg-fHjO, m.p. 64® (A. 271, 83). 
Acetyl chloride produces Triacetyl Galactonic Lactone Chlorhydrin, CgHgOg- 
(OCOClIj)jCl, m.p. 98® (B. 35, 943). Reduction converts it into the lactone 
d-galactose (p. 635) ; calcium salt, (C4H,|07)8Ca-f 5II2O ; phenylhydrazide, m.p. 
200-205® ; amide, m.p. 175® ; anilide, m.p. 210® (B. 28, R. 606). 

Dimethylene Galactonic Acid, C5H704(CHj)jC0gH, m.p. 136 (A. 810, 181). 
Pentacetyl d-Galactonic Nitrile, b.p. 135®, is formed from d-galactose oxime and 
acetic anhydride, and yields, with silver oxide and ammonia, the acetamide 
compound of lyxosc (p. 619). 

d-Talon!c Acid, CHjOH[CHOH]4COjH, results together with hydroxy- 
methylene pyromucic acid on heating d-gaiactonic acid with pyridine or quinoline 
to 1 40-1 50®. Conversely, d-galactonic acid is obtained from d-talonic acid by 
the same treatment (B. 27, 1526). Reduction changes it to d-talose (p. 633). 

a-Rhamnose Carboxylic Acid, CHg[CH0H]5C02H, is formed from rl^amnose 
(sec Isodulcitol, p. 619) with HNC, etc. ; lactone, C^HigO*, m.p. 162-168® (B. 21, 
2173) ; phenylhydrazide, C^HigOg.NgHgCgHg, m.p. about 210® (B. 22, 2733). 
When heated with hydrochloric acid and phosphorus it is reduced to n-heptylic 
acid, C9H14O9 ; but sodium amalgam changes it into the lactone of methyl hexose 
(p, 633) (B. 28, 936). Oxidation produces mucic acid (B. 27, 384). 

P-Rhamnose Carboxylic Add is formed when the a-compound is heated to 
150-155® with pyridine; lactone, m.p. 134-138®: phenylhydrazide, m.p. 170®. 
Oxidation converts the jS-acid into 1-talomucic acid (p. 654), Chitomc Add, 
which is produced from chitose (p. 636) and bromine water, and chitaric add, 
CsHigOg, prepared from d-glucaminlc acid (see above) and nitrous acid 
are probabl y stereomeric trihyd roxymethyl tetrahydrofurfurane carboxylic add, 

H0CH,.CH((!>)CH(0H)CH(0H)<!;HC0,H. since acetic anhydride con verts it into 

the /derivative of hydroxymethyl pyromudcadd,CRJ^,O.C^^, C(<!)):CH.CH:C- 

' COgH (Vol. II.), B. 86, 2587). Oxidation with HgOg and ferrous sulfate degrades 
, chitoniQjicid intOjd*azabinose or d-ribose (p. 85» 40x6). ^ 
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Glueosamlnlp Acid, a-Amiiu>-Py^€-tetrahydfoxyc»pro%c Acid, HOCH|[CHOH]t- 
CH(NHa)COaH, is knovn in d-, [d<|-l]‘fonns. d- and l-glucosaminic acid 
are prepared frqpi d- ana l-arabi&osimine (p. 636), hydrocyanic and hydrochloric 
acids, and unite to form the less soluble [d+1] acid. d-Glucosaminic acid is also 
prepared from d-glucosamine and bromine water. Alcohol and hydrochloric 
acid convert it into a lactone-like syrup, which, on reduction with sodium amalgam, 
regenerates d-glucosamine. Reduction with hydnodic acid produces a-amino- 
caproic acid ; with nitrous acid it forms chitaric acid (see above). It yields 
isomeric p-aminoglucoheptonic acids, CH,OH[CHOH],CH(NH,)CHOHCOtH, 
with hydrocyanic and hydrochloric acids (B. 86, 27, 618). 

Galaheptosaminic Acid, CHjOH[CHOH]4CH(NH),CO,H, m.p. 240® with 
decomposition, is prepared from galactosimine (p. 636) and hydrocyanic and 
hydrochloric acids (B. 35, 3801). 


B. HEXOSE CARBOXYLIC ACIDS, HEXAHYDROXYMONOCARBOXYLIC ACIDS 

Acids of this kind have been obtained from d-dextrose, d-mannose, 
d-galactose, and d-fructose by the addition of hydrocyanic acid, and 
the subsequent sapottification of the nitrile with hydrochloric acid. 

(1) Mannoheptonic Acid, is known in three modifications : 

d-Mannose Carboxylic Acid, ^-Mannoheptonic Acid, CH|0H.[CH0 H]b.C 02H, 
is obtained from d-mannose (A. 272, 197) ; phenylhydroMide, m.p. about 
220® with decomposition ; lactone, m.p. 149®. Sodium amalgam reduces the 
lactone to d-mannoheptose, C7H14O7, and then to the heptahydric alcohol 
perseltol, (B. 23, 936, 2226). Hydriodic acid reduces the acid to heptolac- 

tone and heptylic acid (see above and B. 22, 370). When oxidized it yields 1-penta- 
hydroxypiniehc acid (A. 272, 194). l-Mannose Carboxylic Acid is obtained from 
1-mannose ; phenylhydrande, m.p. about 220®; lactone, m.p. 154®. [d-f-1]- 

Mannose carboxylic acid is formed from d- and 1-mannose carboxylic acid, as 
well as from [d-fl-mannose (A. 272, 184). 

(2) a.d-Dextrose Carboxylic Acid, a,d-Glucoheptonic Acid, CHjOHCCHOH],- 

COgH, is formed (t) together with the /5-acid from d-dextrose ; (2) on heating 
the j9-acid to 140® with pyridine ; (3) by the hydrolysis of lactose- and 

maltose carboxylic acids (p. (A. 272, 200); lactone, m.p. 1 40-145®. 

Hydriodic acid reduces it to heptolactone and normal heptylic acid. Sodium 
amalgam reduces the lactone to dextroheptose (d-glucohcptose). Dimethylene 
a-Ctlucoheptonic Lucteme, C,Ha(CHj)407, m.p. 280®. The acid, when oxidized, 
is converted into inactive pentahydroxypimelic acid (p. 655) ; phenylhydra side, 
m.p. 171® (B. 19, IQ16 ; 23, 936 , space-formula, A. 270, 65). 

P,d-Dextrose C arboxylic Acid is formed together with the a-acid from dextrose 
phen^lhy dr aside, m.p. 151®; lactone, m.p. 151®, and yields p, d-glucophetose 
on reduction (p. 037). Dimethylene p-Glucoheptonic Lactone, m.p. 230® (A. 299, 
328; 310, iSi). 

a,d-G9tlactose Carboxylic Acid, a-Golaheptonic Acid, CHbOHCCHOHIbCOsH, 
m.p. 145', is produced together with p-gaiaheptonic acid from galactose ; lactone, 
m.p. 150®. Sodium amalgam changes it into a-galaheptose (p. 637). When 
oxidized it yields carboxy-d-galactonic acid (p. 655) (A. 288, 39). 

d-Fructose Carboxylic Acid, CH,OH.[CHOH],C(OH)(CO,H)CH,OH, is obtained 
from fructose or laevulose by the action of hydrocyanic acid. It yields tetra- 
hydroxybutane tricarboxylic acid when it is oxidized. Its lactone, m.p. 130®, 
when reduced with sodium amalgam two aldoheptoses with branched C-chains 
result (B. 28 , 937). Reduction with hydriodic acid forms heptolactone and 
heptylic acid,. C7H14OB. The latter is identical with methyl n.-butyl acetic acid 
(p. 261). Hence it is evident that leemUose is a ketone-aicohol (Kiliani, B. 19 , 
1914; 88,451; 24,348). 


C. ALDOHEPTOSE CARBOXYLIC ACIDS, HEPTAHYDROXYCARBOXYLIC ACIDS 

d-Manno-oetonlc Acid, CH,OH.[CHOH]4CO|H, has been obtained from 
d-mannoheptose (p. 637} ; hydraside, m.p. 243® ; lactone, m.p. about i^®, has 
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a ^eutral reaction, and a sweet taste. By reduction it forms d-manno-octose 
(p* 637)- a- and fi-GlucO’Octonolactofte, m.p. 145® and 186® (A. 270 , 93). a-Go/o- 
octonolactone, from a a-galaheptose (A. 288 , 149)^ ' 


D. ALDO-OCTOSE CARBOXYLIC ACIDS, OCTOHYDROXYCARBOXYLIC ACIDS 

d-Mannonononic Acid, CH20H[CI10H]7C0jH, has been obtained from d- 
manno-octose ; hydr azide, m.p. 254® ; lactone, m.p. 176®. When reduced it 
forms d-mannononose (p. 037). 

6 . TETRAHYDROXY- AND PENTAHYDROXY-ALDEHYDE^ ACIDS 

d-Glucuronic Acid, CH0(CH0H)4C02lI, is obtained by decomposing euxanthic 
acid (Vol. II ) on boiling with dilute sulphuric acid. Various glucoside-like 
compounds of glucuronic acid with camphor, borncol, chloral, phenol, and 
different other bodies (B. 19 , 2919, E. 762) occur in urine after the introduction 
of these compounds into the animal organism. In this change the substances 
mentioned combine with the aldehyde group of dextrose, the prima^ alcohol 
group of which is then oxidized. Boiling acids decompose them into their 
components. Synthetically, such conjugated glucuronic acid can also be obtained , 

i '■ 

e.g. IHacetyl Bromoglucuvolactone, 0CHBrCH(02C2l 
m.p. 90'’, the product of reaction between glucuronic 
reacting with euxanthone (Vol. II.) or phenol (Vol. II.) and sodium alcoholate, 
gives rise to euxanthic or phenol glucuronic acid (C. 1905, I. 1086). Glycuronic 
acid can be identified in animal secretions by the blue coloured substance, soluble 
in ether, which is formed with j 9 -naphthoresorcinoJ and hydrochloric acid (B 41 , 
1788). 

Glucuronic acid forms a syrup, which rapidly passes into the sweet-tasting 
lactone, CgHgOj, m.p. 175®. (For derivatives of the same see B. 33 , 3315). 
Bromine water oxidizes it to saccharic acid. It also appears that when saccharic 
acid is reduced glucuronic acid results (B. 23 , 937), and by further reduction 
d-glucoiiic acid (p. ^49) is formed (B. 24 , 525). The acid unites with pota.ssiuni 
cyanide to form the half nitrile of a-glucopentahydroxypinielic acid (p. ^>55) ; 
with three molecules of phony Ihydra zinc to form an osazone, m.p. 200-205® ; 
w'lth urea, accompanied by loss of water (C. 1905, I. 1084). Urochloralic Acid, 
C^UnClaO,, m.p. 142®, decomposes with water absorption On boiling with dilute 
hydrochloric or sulphuric acid into glucuronic acid and trichlorethyl alcohol 
(p. 1 1 7). Urohutyl Chloralic Acid, CioHiaClaO,, decompo.ses, like the preceding 
body, into glucuronic acid and an^-trichlorobutyl alcohol (p. 118). 

Aldehydogalactonic Acid, COHtC'HOHJgCOjH, is obtained from d-galzfctose 
carboxylic acid, and may be converted into carboxygalac tonic acid (p. 655). 

7. Mo no i^etotetrahydroxy Carboxylic Acids. Hydroxyglucuronic Acid, 
COtCIIOHJaCOjH, is formed, together with d-arabinosc, w'hen calcium gluconate 
is oxidized ; also by bacterial action (B. 82 , 2269), as in the case of the n.-hexitols 
(p. 641). 

8 . POLYHYDROXYDICARBOXYLIC ACIDS 
A. TETRAHYDROXYDICARBOXYLIC ACIDS 

These are obtained by the oxidation of various carbohydrates with 
nitric acid, and are readily prepared from the corresponding mono- 
carboxylic acids upon oxidation with nitric acid. Mannosaccharic 
.acid, the saccharic acids, and the mucic acids are the most important 
itpresentatives of the series. Gluconic acid (p. 649) yields saccharic 
acid, galactonic acid (p. 650), miicic acid, and mannonic acid (p. 648) 
maino^psaccharic acid. Their lactones, by very cdreful reduction^ can 


l 3 )CILCHCH( 0 ,C,H,)C 06 . 
lactone and acetyl bromide 
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be converted into aldehj^dohydroxycarboxylic acids and hydroxy- 
monocarboxylic acid^. Wh^n reduced by HI and phosphorus the 
preceding acids are convertfd into normal adipic acid (p. 505), hence 

of them must be considered as normal space-isomeric tetrahydroxy- 
adipic acids. Theoretically, ten simple and four double modifications 
are possible, as in the case of the n.-hexitols (p. 641). All the tetra- 
hydroxyaclipic acids, when heated with hydrochloric or hydrobromic 
acid, change more or less readily to dehydromucic acid (B. 24 , 2140). 

(1) Mannosaccharic Acid, C02H[Cn0H]4C02H, is known in 
three modifications (space-formula, p. 641), which pass into double 
lactones when they are liberated from their salts. They also result 
upon oxidizing the three mannonic acids with nitric acid (p. 648). 

\6.-\-\yMannosacchaYolactone, C,n,Og, m.p. 190® with decomposition, is formi'<l 
by the union of d- and l-inannos:iccharolactone ; and also from [d+l]-manno- 
lactone; diamide, m.p. 184® ; dihydraztde, m.p. 220-225® (B. 24 , 545). 

d-Mannosaccharolacffine, CgH,Oa4-2HjO, m.p. 181® anhydrou.s, is produced 
when d-mannitol, d-inannosc. and d-mannonic acid are oxidized with nitric 
acid; diamtde, m.p. 1S9®; dihydrazide, m.p. 212° (B. 24 , 544). l-Manno- 
saccharolaclonet Metasaccharic Actd, CgHgOgd 2H2O, m.p. 68®, anhydrous, 180®, 
is produced when 1-mannonic acid and tho lactone of l-arabinose carboxylic acid 
are oxidized (B. 20 , 341, 2713); dtamtde, m p. 190®; dihydrazide, m.p. 213®. 
Diactyl l-Mannosaccharolactone, m.p. 155° (B. 21 , 1422 ; 22 , 525 ; 24 , 541). 

(2) d- and Udosaccharic Acids are syrups. They are obtained 
by oxidizing the corresponding idonic acid (p. 650) (space-formula, 
p, 642). 

(3) Saccharic Acid, C02H[CH0H]4C02H, exists in three modifi- 
cations (spacc-formulcT, p. 642) ; of these the d-saccharic acid is 
ordinary saccharic acid. 

[d-^-iySacchanc Acid is formed by the oxidation of [d+l]-gluconic acid. Its 
monopotassium salt is formed on mixing^ solutions of equal quantities of the 
d- and l-salt ; dihydrazide, m.p. 210® (B. 23 , 2622). 

• 

Ordinary, or d-saccharic acid, results in the oxidation of sucrose 
(B. 21, R. 472), d-dextrose (grape sugar), d-gluconic acid and d-gluconic 
lactone (B. 24 , 521), and many carbohydrates with nitric acid ; also 
from the action of bromine water on glucuronic acid (p. 652). 

If fprms a deliquescent mass, readily soluble in alcohol. If the 
pure sYnipy acid be allowed to stand for some time, it changes to a 
crystalline lactonio acid, m.p. 131®. It is converted into 

glucuronic acid when re duced with sodium amalgam. Hydriodic acid 
reduces it to adipic acid. When oxidized with nitric acid, d-tartaric 
acid (B. 27 , 396) and oxalic acid are formed 

Salts, — ^The hydrogen potassium saU, CgHgO,K, and the ammonium salt, 
CgH, 0 ,(NHg), dissolve with difficulty in cold water ; diethyl ester is crystalline ; 
amide is a white powder ; tetra-acetate, m.p. 61®. Acetyl chloride, acting on 
free saccharic acid, converts it into the lactone of dtacetyl saccharic add, 
CgH4(0.CsHa0)a04, m.p. 188®. Monomethyleve Saccharic Add (A. 292 , 40}, 
The diamide is a white powder; dihydrazide, m.p. 210® with decompositioii 
(B. 21 , R. 186). 

VSacchaHc Acid is obtained upon oxidizing 1-gluconic acid with nitric acidv It 
is quite similar to d-saccharic acid, but is laevo-rotatory. It also fomu a 
dihydfadde, m.p. 214®. * / ' 
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« (4) Made Acid, Acidum mucicum, C02H[CH0H]4C02H, m.p. 210^ 
with decomposition, corresponds in coijstitution with dulcitol, and 
possesses the space-formula No. 7 (p. 642), one of the two theoretically 
possible forms of tetrahydroxyadipic acid, optically inactive through 
internal compensation. This is supported by its oxidation to racemic 
acid, and its formation by oxidation from a-rhamnose carboxylic acid 
(p. 650) (B. 27, 396). 

It is also obtained in the oxidation of dulcitol, lactose (Preparation, 
A. 227, 224), d- and 1-galactose, d- and 1-galactonic acid, and nearly 
all the gum vancties. 

It is a whitt^ crystalline powder, almost insoluble in cold.>water and 
alcohol. When boiled for some time with water it passes into a readily 
soluble lactonic acid, C^HgOy, formerly designated paramucic add, 
d-saccharolactonic acid (p. 653 ; B. 24, 2141). Reduction changes 
this mucic lactonic acid into [d+l]-galactonic acid (p. 650 : B. 25, 1247). 
Mucic acid heated to 140® with pyridine become^ allomudc acid, from 
which it can be reformed under similar conditions. 

The ready conversion of mucic acid into furfurane derivatives is 
rather remarkable. Digestion with fuming hydrochloric or hydro- 
bromic acid changes it to furfurane dicarboxylic acid [dehydYomude 
' add) : 

XO,H 

CH(OH)CH(OH)CO,H CH=C^ 

- 1 >0 + 3 H.O. 

CH(OH)CH(OH)CO,H CH =Cv 

TOjH 

When mucic acid is heated alone it loses carbon dioxide and 
becomes converted into furfurane monocarboxylic acid (pyromude 
add) : 

C4H4(0H)4(C0,H), - C4H,0.C0,H+3H,0+C0,. 

Heated with barium sulphide it passes in like manner into a-thio- 
phenc carboxylic acid (B. 18, 457)- 

Pyrrole is produced when the diammonium salt is heated : 

C4H4(NH4)40, =. C 4 H 4 NH 4 -NH, 4 - 2 C 0 , 4 - 4 H, 0 . ^ 

Salts and Esters, — The di-potassium salt and di-ammonium salt, c^^ystallize 
well and dissolve with difficulty in cold water ; the hydrogen salts dissolve readily. 
The silver salt, C4H4Ag404, is an insoluble precipitate ; diethyl ester, m.p. 158” ; 
tetra-acetate, m.p. 177® (B. 21 , R. 186 ; C. 1898, II. 963)- 

See p. 522 for the action of PCI, on mucic acid. 

(5) Allomucic Acid, C4H14O4, m.p. 166-171^, is optically inactive, and 
more soluble than mucic acid, from which it is obtained on heating with pyridine, 
and into which it also passes (see mucic acid (B. 24 , 2136). 

(6) Talomueio Acid, COaH[CHOH]4COtH, is known in two spacedsomeric 
modifications : 

^-Talomudc Acid, m.p. about 158^ with decomposition, and resulting from 
the oxidation of d-talonic acid (B. 24 , 3625). 

IrTalomueic Add, prepared by oxidizing J^rhamnose carboxylic acid (p. 650) 

(B. 27, 384 ). ^ 

•(7) iMSiMhUlO A«M. CO,HiH.CHOH.CHOH.(iHCO,H. m.p. 185*. [a]. 
■■ 4^46*1* results from yrlncosamine (p. 636) upon oxidizing it with nitric 
acid <B. 19 , Z258 ; see also Chitomc and Chitaric Acids, p. 650). The acid itself 

# 
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and some of its derivatives must be regarded as compounds of tetrahydro- 
furfurane, as is evident from the constitation formula of the acid. Other deriva- 
tives should be referred to isosaccharic acid +HaO — that is, to tetrahydroxy • 
adipic acid, 9J^d they are described as derivatives of norisosacchartc acid; for 
example, the diethyl ester, m.p. which changes in the desiccator 

to the Diethyl Ester of Isosaccharic Acid, C«HgOy(CsHg)|, m.p. zox^ Diacetyl 
Isosaccharic Ester, m.p. 49" (B. 279 


B. PENTAHYDROXYDICARBOXYLIC ACIDS 


Pentahydroxypimello Acid, [Glucoheptanepentol Diacidl,CO,H[CHOH]|CO|H, 
is produced in the oxidation of dextrose carboxylic acid with nitric acid ; lactone 
is crystalline, m.p. 143’’ (B. 19 , 1917). 

a-Garboxygalactonlc Acid, La-Galaheptanepentol Diacid], COsH[CHOH],COtH. 
m.p. 171^ with decomposition, is formed in the oxidation of a-d-galactose 
carboxylic acid with nitric acid. It dissolves with difficulty in water, and 
crystallizes in plates. 

jS-Galaheptanepentol Diacid, is formed from S-galaheptonic acid and nitric 
acid (A. 288 , 133). ^ 

9. Tetraketodlcarboxylie Acids. 

Acetonyl Acetone Dioxalic Ester, CaH50,C.C0.CH|C0CH|.CHaC0CH|.C0.C0|- 
C2H5, m.p. zoz**, is prepared from acetonyl acetone (p. 330), oxalic ester, and 
si^ium in ethereal solution. Hydrazine produces a dilactazam, ethane dipyzazyl 
carboxylic ester (B. 33 , Z22o). 

aa^-Diacetyl pfi-Diketoadiptc Acid, CU^C 0 .CU(C 0 Jti)C 0 C 0 CH{C 0 CH;)C 0 ^ 1 i, 
is the hypothetical parent substance from which is derived Dtcyano-bts-aceio- 
acetic Ester, aai-Diacetyl pp^-Ditminoadipic Ester (i), m p. X32®. This is prepared 
from dicyanomonoacetoacetic ester (p. 608), acetoacetic ester, and a little sodium 
alcoholate. Alkalis convert it first into a yellow lactam (2), m.p. Z36*’, and later 
into* the free acid, m.p. 230** with decomposition. Reduction with sodium 
amalgam, accompanied by simultaneous ketone decomposition, forms oB-Diacetyl 
py-Diaminovaleric Ester (3), m p 33® (A. 832 , Z38) : 


(1) 


‘roc8>chc{nh) 

ToCO>CHnNH) 


(*) 


^“•co>C(NH) 


( 3 ) 


CH,COCHa.(!;HMH, 


10. Triketotricarboxylic Acids. 

a~ Acetyl pPyDiketoadipic arCarboxylic Acid, CH3C0CH(C02H)C0C0CH(C0a- 
H)a, has, as a derivative, Dicyanaceioacetic Malonic Ester, CH*C0CH(C02C2H5) - 
C(NH)C(NH)CH(.C02C2H5bfni p. 93®. the reaction product of di(^anacetoacetio 
ester (p. 6o8j and malonic ester (A. 882 , 144). But dicyanomalonic ester and so- 
dium acetoacetic ester yield Dicyanomalonic Acetoacetic Ester Lactam, m.p. 137® 
(indefinite). Similarly, dicyanocyanacetic ester and sodium acetoacetic ester give 
tisa to Dlcyanocyanacetic Acetoacetic Ester Lactam, m.p. 168® (indefinite) (A. 882 ^ 129). 

Oxalyl Dimalonic Acid, pp-DiketoadipicoayDicarboxylic Acid, (HO,C)|CH.CO.- 
C0CH(C03H)s, os the hypothetical parent substance of dicyano-bis-malonic 
acid, (H0|C)jCHC(NH).C(NH).CH(C 02H),, of which the dilactam is formed from 
dicyanogen and sodium malonic ester, ^dium amalgam reduces it to diamin- 
adipic dicarboxylic acid, which loses COt and becomes changed into jS/Si-diamino- 
adipicacid (p. 606) (A. 882 , 122). 

n. Hydroxyketotetraearboxylie Acids. 

COjR CO.RCO.R 

III ; 

Oxalodtric Lactone Ethyl Ester, CH C CHj, b.p.,o 2x0*, is prepared 

io— ccx!) 

from two molecules of oxalacetic ester by aldol condensaiion and lactone fMBM- 
tion (A. MB, 347 )- 



ORGANIC CHEMISTRY , 


656 


ti. Diketotetracarbox^lic Acids. 

RO,C.CO.ClI.CO,R 

Dioxalosuccinic Ethyl Ester, { ^ , is tormed by the conden- 

RO,C.COCH.CO,R 

sation, of succinic and oxalic est^s by sodium cthoxidc. When distilled 
under greatly reduced pressure it loses CO and is converted into ethane tetra- 
carboxylic ester. When liberated from its disodium compound by sulphuric acid 

0 CO 

1 I 

it gives Dioxalosuccinic Lactone Ethyl Ester ^ ROjC.jC:C(CO,R).CH.CO.CO|R, m.p. 
89^ (A. 285 , IT). 

13. Hexacarboxylic Acids. 

Ethane Hexacarboxylic Acid, (COaH),C.C(COaH),, is not known, though 
derivatives exist, of which two may be mentioned. 

Bis’cyanomalomc Ester, NC.C(COjCjH,),.C(CO,C2H5)CN-f;jL’jFH‘jO, m.p. 57®, 
is obtained by t lectrolysis of sodium cyanomalonic cst)ga*^{C. 1905, 1. 1141). 
Also, by the action of carbon disulphide and bromine on sodium malonic ester 
and sodium cyanacetic ester there is formed DUhioletrahydrothiophene Tetra- 
(ROjC),C.CSv 

carboxylic Ester, | /S, (B. 34 , 1043). • 

(R0,C)2C.CS"^ 

Pentane aayY€€-Hexacarboxylic Ester, (ROjC)2CH.CH2.C(COjR)s|CHjCH- 
(COaR)^. ni.p. 54®, b.p.i5 155®, IS prepared by condcn.sation of two molecules 
of formaldehyde and three of malonic c.ster brought about by diethylamine. 
Its disodium salt and bromine produce a pentamethj h ne derivative (C. 1900, I. 
802). On an isomeric pentane hexacarboxylic ester, CH2[C(COjR)j.CH,COjR],, 
see C. 1902, II. 733. 

Hexane 1,^,^,/^,/^,6,-nexacarboxylic Ester, CjH5C)2('('H2CH2C(CO,CtH,)aC(COj- 
C,H5),CH,CH,.C02C2H5, is fonm^d from disoduim ethane tctracarboxylic 
ester and two molecules of jS-iodopropionic ester. Hydrolysis and decomposition 
produces diglutaric acid (C. 1903, I. 628). 

Heptane Hexacarboxylic Acid, A derivative of this acid is Trimethylene 
Dicyanosuccinic Ester : ^ 


G,HaO,C.CH2Sr<-CN 


NC^P<^('H2.C02C,Ha 
CH* N' 02 C 2 li 6 


m.p. 69®, b.p.7 215®, produced by the interaction of trimethylene bromide on 
sodium cyanosuccinic ester (C. 1897, II. 520 ; 1899, I. 82O). 

Appendix. Higher poly carboxylic ethyl esters may be obtained from sodium 
propane pentacarboxylic ester, chloromalonic ester, and dhloropropane penta- 
carboxylic ester, giving rise to Butane Heptacarhoxyhc Ester, C4H3(COjC,H,)7, 
b.p.1,0 280-285®, and Hexane Dekacarhoxylic Ester, t'elT4(C02CaH5),o, a yellow 
oil. Octane Tesserakaideka-carboxylic Ester, is prepared from 

sodium butane hcptacarboxylic ester and chlorobutnno heptacarboxylic Cster. 
It is the highest known carboxylic ester, and consists of a thick oil (B. 21 , 2x11). 


CARBOHTDBATES* 

This term is applied to a large class of compounds, widely distributed 
in nature, ci^m prising natural sugars, and suhbtancos related to them. 
They contain six, or a multiple of six carbon atoms. The ratio of 
their hydrogen and oxygen atoms is the same as that of these elements 
in water, hence their name. 

Most of the carbohydrates have their origin in plants, although 
some are probably also produced in the animal organism. Those 

• *• Kohlenhydrate,” von B. Tollens. “ Die Chemie dcr Zuckerarten,” von 
E. D. von Lippmann, II. Auflage, 1895. " Die Chemie der Kohlenhydrate und 
ihre Bedeutung fur die Physiologic,'* von £. Fischer, 1894. 
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which occur in the vegetable kingdom meet with the most extensive 
employment. • ^ 

Carbohydrates serve for the preparation of alcoholic drinks (p. 114). * 
Sugars, particularly cane sugar, form the basis of many foodstuffs. 
Starch is the chief ingredient of flour from which bread, the most 
important food, is made. It is found stored up in potatoes and grain 
fruits. Cellulose, related to it, is the principal constituent of wood, 
cotton, etc., and is applied in pap^-making and for the production 
of explosives. The carbohydrates in conjunction with the proteins 
constitute the most important food-materials for man. 

Their molecular magnitude is the basis of their arrangement into 
these closes : 

Monoses, or Monosaccharides, 

Saccharohioses, or Disaccharides, 

Saccharotrioscs, or Trisaccharides, 

Itplysaccharides. 

The monosaccharides, including dextrose and Isevulose, have 
already been discussed in connection with the hexahydric alcohols, 
of which they arc the first oxidation products (p. 626). 

Nearly all of the naturally occurring carbohydrates are optically 
active, i.e., their solutions rotate the plane of polarization of light (p. 54). 
The specific rotatory power is not only influi‘nced by the temperature 
and concentration of thoir solutions, but very frequently also by the 
presence of inactive substances (B. 21, 2588, 2599). Some represen- 
tatives also exhibit the phenomena of birotalion and semirotation 
(p. 632). Constant rotation is generally attained by heating the 
solutions for a brief period. The determination of this rotatory 
power of the carbohydrates by means of the saccharimeter serves to 
ascertain their purity, or for the determination of their amount when 
dissolved : optical sugar test, saccharimetry (p. 659). 


A. DISACCHARIDES, SACCHAROBIOSES 

Disaccharides, consisting of two molecules of dextroses or monoses 
(p.^625), bence termed Hoses, have up to the present only been known 
among the hexoses, CaHi206 (see Galacto-arabinose (p. 660), their 
formula being Ci2H220ii. By the absorption of water they are 
resolved into two molecules of the hexoses : 

This reaction is known as hydrolytic decomposition or hydrolysis. 
The higher carbohydrates are also capable of undergoing this change. 

The constitution of the disaccharides indicates that they are ether- 
like anhydrides of the hexoses, in which the union occurs either through 
the alcohol and the aldehydo- or keto-group. Lactose and maltose 
also contain the aldose group, CH(OH).CHO, as is shown by their 
reducing Fehling's solution upon boiling, forming osazones with phenyl- 
hydrazine, and when oxidized with bromine water, yielding monobasic 
acids, C12H22O12, lacto- and maltobionic acids (p. 660) (B. 21, ; 

22, 361). Sucrose does not show reducing power and does noft yield 
VOL. I. - 2 0 
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an o^zone ; the reducing groups of dextrose and Isevulose appear to 
be combined together in this compound. ^The a>azones of some of 
'these sugars split off glyoxal osazone when treated witB alkalis (B. 
29 , R. 991) (comp, also the formation of glyoxalin from the hexoses 
and ammonia, p. 630). 

The hydrolysis of the saccharobioses has already been described in 
detail under alcoholic fermentation (p. 112} ; it is brought about by 
unorganized ferments, such as diastase and synaptase or emulsin (con- 
tained in sweet and bitter almonds). Invertin (changing a dextro- 
rotatory sugar solution into laevo-rotatory invert sugar), ptyalin (the 
fennent of saliva), pancreas diastase, and other animsd secretiqps exert 
a like action (p. O77). 

When the di- and poly-saccharides are heated with water and a 
little acid they undergo hydrolysis, with a rapidity which, according to 
Ostwald, bears a close relation to the affinity of the acids (J. pr. 
Chem. [2] 31 , 307). Certain inorganic salts, and^ also glycerol, are 
capable of inverting sucrose (B. 29 , R. 950 ; 27 , R- 574 )- 

Prolonged or strong heating with acid brings about a reversion, in which the 
dextroses, and particularly laevulose, undergo a backward condensation to dextrin* 
like substances (B. 28, 2094). Also ferments such as maltase, kefir-lactase, etc., can 
cause reversion of the hexoses into disaccharides. It is also possible to build up 
some of the disaccharides from acetochlorodextrose (p. 634) or acctochloro- 
galactose (p. 635) with sodium dextrose or sodium galactose in alcohol solution. 
From this the galactosidodextrose appears to be identical with melibiose (B. 85, 
3M4)- 

Sucrose, Saccharose, Saccharobiose, C12H22O1], m.p. 160^, D=i*666, 
[a]y=+66'5® (B. 17 , 1757), the most important of the sugars, 
occurs in the juice of many plants, chiefly in sugar cane (Saccharum 
officinarum) (20 per cent, of the juice), in some varieties of maple, in the 
sorghum {Sorghum saccharatum), and in beet-roots {Beta maritima) 
(10-20 per cent.), from which it is prepared on a commercial scale ; 
and also in the seeds of some plants (B. 27 , 62). 

Whilst the hexoses occur mainly in fruits, siicrose is usually 
contained in the stalks of plants. The sugar cane contains, together 
with the sucrose, laevulose and dextrose, of which the quantity 
diminishes with the growth of the plant. *> 

o 

Historical . — ^Sugar has been obtained from sugar cane from the earliest times. 
In the middle ages sugar cane was a rarity in Germany ; it was only af ter the 
discovery of America that it was gradually introduced as a sweetening agent. 
In 1747 Marggraf* in Berlin, discovered sucrose in beet-roots, an observation 
which became the basis of the beet-sugar industry. In 1801 A chard, in Silesia, 
erected the first beet-sugar factory. The continental blockade forced by 
Napoleon I. hastened the development of the new industry, which during the last 
fifty years has attained a constantly increasing importance in Germany, where 
about one-fiith of the total sugar yield of the world is produced. In the year 1906-7, 
369 factories consumed 14,186,536 tons (x ton»iooo kilos) of beets, which produced 
2,242.000 tons of beet-sugar. The total production of sugar in the world was, in 
1906-7. about 7,120.000 tons of beet-sugar and 5,140.000 tons of cane sugar. 

Technical Preparation .^ — The sugar is best removed from the cane and from 


* Ein Jahrhundert chcmischer Forschung unter dem Schirme der Hohenzollern. 
von A. W. Hofmann, 1881. 

t Hdb. d. chem. Technologic, Ferd. Fischer, 1893. S. 851-888. 
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the finely divided beets by the diffusion process. The saccharine juice diffuses 
through the cell wall% whereas the colloids in the latter remain behind. The 
filtered sap is Jieated to 8o<-9o* with milk of lime, to saturate the acids, and pre- * 
cipitate the proteins. The juice is next treated with carbon dioxide, phosphoric 
acid, or SO^ (to arrest fermentation), filtered through animal chucoal, 
and is concentrated in vacuum pans till it crystallises. The mother-liquor, 
melasse, is separated by centrifugation, and the solid is washed with a pure 
sugar solution (** Klarsel ") or purified by recrystallisation, and thus forms refined 
sugar. 

Sugar may be obtained from the syrupy mother liquor — ^the molasses, which 
cannot be brought to crystallization : 

(1) By osmosis, depending upon diffusion through parchment paper, in appara- 
tus similar to filter presses. 

(2) By washing (Sche%bler, 1865). The sparingly soluble saccharates of 
lime and strontium are obtained from the molasses (see below) and these are 
freed from impurities by washing with water or dilute alcohol. The purified 
saccharates are afterwards decomposed by carbon dioxide, and the juice which 
is then obtained, after the above plan, is further worked up. 

The molasses is also converted into rum (p. 1 14). 

Properties. — ^Wlien its solutions are evaporated slowly, sucrose 
separates in large monocliiiic prisms, and dissolves in one-third part 
water of medium temperature ; it dissolves with difficulty in alcohol. 
After being melted it solidifies to an amorphous glassy mass (sugar 
candy), which in time again becomes crystalline and non-transparent. 
At 190-200® it changes to a brown non-crystallizable mass, called^ 
caramel, which finds application in colouring food stuffs. 

The quantity of sugar in solution may be determined by polariza- 
tiqp, using the apparatus of Soleil-Ventzke-Scheihler, or the half-shadow 
instrument devised by Schmidt and Hdnsch (B. 27, 2282), as well as 
from the specific gravity by means of the saccharimeter of Brix. 

Reactions and Constitution. — Sucrose is hydrolyzed into d-de±trose 
and d-lxvulose (invert sugar) when boiled with dilute acids ; and 
also by the action of ferments. It is only after this occurs that it is 
capable of reducing Fehling's solution. Mixed with concentrated 
sulphuric acid it js converted into a black, humus-like body. d-Sac- 
charic acid, tartaric acid and oxalic acid are formed when it is boiled 
with nitric acid. Sucrose heated to 160® with an excess of acetic 
anhydride gives octacetyl ester, Ci2Hi 403(0.C0CH3)8, m.p. 67° (B.* 34, 
42 ^). This latter fact and the failure of sucrose to reduce Fehling's 
solution under ordinary conditions are made to appear in the following 
formula : 


I. (Tottens) /CH- 

(B. 16 , 923) 

ICH.OH 



CHgOH 

(i 

II. (J^. Fischer) 

-jl c 

> CH,OH 

(B. 26 , 2405) 

,1 

CHOH 

\i 

cn.oH 


CH.OH 

n 

/ CH.OH 

1 


^!:h 

0 , 

cn OH 

1 


\ CH.OH 

icH 

i 


CHOH 

CH,OH 

\cH 

CH,OH 



Sacchairates.^S^ccosit unites with bases to form saccharates, CiiHfjOii.CaO-i- 
aH.O, is precipitated by alcohol, whilst CnHstOn.aCaO crystallizes on cooliug. 
Cl tBafOivSCaO dissolves with great difficulty (B. 16 , 2764). SimiUr impounds 
are formed with the oades of strontium and barium (see above) (B. 16 , 984)* 
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Tttrani^osaccharose, CiaHii(N0i)40i], explodes violently. 

r Lactose, Milk Sugar, Lactobiose, Ci2H22®ii+H^O, m.g. anhydrons 
205° decomposition, occurs in the milk of mammals, in the amniotic 
liquor of cows, and in certain pathological secretions. Fabriccio 
Bartoletti, of Bologna, discovered it in 1615. 

Lactose is prepared from whey, which is evaporated to the point of crystalliza- 
tion, and the sugar which separates is purified by repeated crystallization. 

Lactose crystallizes in white, hard, rhombic prisms, which become 
anhydrous at 140°. It is soluble in 6 parts cold or 2\ parts hot water, 
has a faint sweet taste, and is insoluble in alcohol. Its aqueous^solution 
is dextro-rotatory and exhibits birotation (p. 632). It resembles the 
hexoses in reducing ammoniacal silver solutions in the cold, but in case 
of alkaline copper solutions boiling is necessary. 

Reactions and Constitution, — Lactose is decomposed into galactose and 
d-dextrosc by being heated with dilute acids. It is only slowly attacked by 
yeast, but it readily undergoes lactic acid fermentation (pp. 363, 631). Nitric acid 
converts it into d-saccharic and mucic acids. Bromine produces lactobionic acid, 
CisHsiOi). which splits up into d-gluconic acid and d-galactose ; whilst oxidation 
with HgOt breaks it down, as it docs the aldoses (p. 017) into galacto-avahinose, 
CijHgoOjo- The latter forms an osazone, m.p. 237®, and is hydrolyzed into 
d-galactose and d-arabinose (B. 33 , 1802). Lactose takes up hydrocyanic acid 
and forms ultimately lactose carboxylic acid, C,,Hj80,i.C0,H, which decomposes 
into d-glucoheptonic acid (p. 651) and d-galactose (A. 272 , 198). See also 
Isosaccharine (p. 620). Lactosazone, C,aHjoC>9(N*HCeHj)g, m.p. 200® (B. 20 , 
829). Octo-acetyl Lactose, C,jlt,403[0C0CH,]a, m.p. loO®, yields, with fluid HCl 
hepta-acetyl chlorolactose, Ci,H,40a0C0CH3)7Cl. Hepta -acetyl Bromolactosg is 
formed from lactose and acetyl bromide. The two la.st-named lactose compounds 
exhibit polymorphism. When treated with methyl alcohol and silver carbonate, 
they yield hepta-acetyl methyl lactose, C,,Hi403(0C0CHs)7CH8 (B. 35 , 841; 
C. 1902, II. 1416). These changes demonstrate the formula of lactose to be that 
of galactodextrose : 

t — O i 

HOCH j.CHOH.CH[CHOH] ,CH— O— CH,[CHOH] 4CHO. 

Lactic acid forms a crystalline compound with aminoguanidine nitrate and 
sulphate (B. 28 , 2614). * 

Maltose, Malt Sugar, Maltobiose, Cj2H220i,-fH20, Wd°=I37® 
(B. 28 , R. 990 ; C. 1897, II. 695), is a variety of sugar formed, together 
with dextrin, by the action of malt diastase (p. 115) on starch as in the 
mash of whiskey and beer. It is also an intermediate product in the 
action of dilute sulphuric acid on starch, and of ferments (p. 677) 
diastase, saliva, pancreas on glycogen (p. 662). It can also be obtained 
from starch paste by means of diastase (A. 220, 209). It is capable 
of direct fermentation. It forms a hard, white, crystalline mass. 

Reactions, — It was formerly believed that maltose could be directly fermented 
by yeast. It appears, however, that there is present a second enzyme (glucase ?) 
which, along with invertin, which does not hydrolyze maltos^. decomposes 
the m^tose into dextrose (B. 29 , R. 663). Maltose reduces Fehling *5 solution, 
but only about two-thirds as much as dextrose, which it resembles very closely 
(A. 220 , 220). 

Diastase does not exert any change on maltose. When boiled with dilute 
acids, it absorbs water and passes completely into d-dextrose or grape sugar. 
Nitric acid oxidizes it to d-saccharic acid, whilst chlorine changes it to malio^ 
kionic acid, This yields dextrose and d-gluconic acid when it is 
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heated with acids. Hydrocyanic acid transforms it into maltose cwhowylic 
acid, CiaHa,0]i-COaH, which decomposes into d-dextrose and d-glucoheptonic 
acid (A. 272, too). * • 

When boiled with lime-water it forms isosaccharine (p. 6ao). Octacetyl 
Afa//05t,Ci,Hi4O8(OCOCH,),. m.p. i56®, yields, with fluid HCl Heptacelyl Chlaro- 
maltose, Ci,H,40,(0C0CH,),Cl, m.p. 67®; fuming nitric acid in chloroform 
solution produces Heptacetyl Maltose titrate, Cj jHi403(0C0CH3)7(0N0j), m.p. 
94®. Both the latter substances react with methyl alcohol to form a Heptacetyl 
Methyl Maltose, m.p 128®, from which the loss of the acetyl groups leaves p-Methyl 
Maltose, C]aH4iOii(CHt), m.p. 94® (B. 84, 4343 ; 85, 840). Maltosasone, m.p. 
206®, is decomposed by benzaldehyde into maltosone (B. 20, 831 ; 86, 3^4^)* 
Maltose is constituted similarly to lactose (p. 6bo) (B. 22, 194^)- 

The following saccharobioses are less important : IsomaUose, CijHsjO,,, 
[a] D =3 -1-^0®, isomeric with maltose, results from the action of hydrochloric acid 
on d-dextrose (B. 28, 3024), and in the mashing process (B. 26, R. 577 ; B. 29, 
R. 991). Yeast does not ferment it ; diastase converts it into maltose ; osaxone, 
m.p. 150-153®. 

Myeose, Trehalose, Ci,H,40,Tf2HjO (B. 24, R. 554; 26, 1332), occurs in 
several species of fungi — e g., in Boletus edulis (B. 27, R. 511), in ergot, and in the 
oriental Trehala. Aeids convert it into d-dextrose (B. 26, 3094). 

Mellbiose, m.p. 84® (incomplete), [a]‘^=-f 129*38® (C. 1899, II. 

526) is prepared from melitriose (see below) ; it is probably identical with the 
synthetic galactodextrose (p. 658). It is decomposed by hydrolysis into 
d-galactose and d-dextrose ; osaxone, m.p. 177® (B. 22, 3113 ; 23, 1438, 3066; 
36, 3i4^>)* 

Turanose, [a]® =-1-65 to -f68®, is formed along with d-dextrose 

in the partial hydrolysis of melecitose as a white mass ; osaxone, m.p. 215-220® (B. 
27,2488). 

Agavose, CnHagOi,, is obtained from the stalks of Agave americana (B. 26, 
R. 189). Lupeose, CigHigOn. is contained in lupin seeds (B. 25, 2213). 


B. TRISACCHARIDES, SACCHAROTRIOSES 

Raffinose, Melitose, Melitriose, Ci8H32Oi0+5H2O (B. 21 , 1569; 
C. 1897, II. 520) [a]B=i04°, occurs in rather large quantity in Australian 
manna (varieties of Eucalyptus), in cotton seed meal, in small amounts 
in sugar beets, and being more soluble than sucrose, it accumulates 
in the molasseS in sugar manufacture. From this it crystallizes 
out with the sugar (A. 232 , 173). Its crystals have peculiar terminal 
points, and show strong rotatory power (Plus sugar), 

* To determine raffinose quantitatively, consult B. 19, 2872, 3116. 

By hydrolysis it yields fructose and melibiose (B. 22, 1678 ; 28, R. 103). 

M^ecitose, CjgHa40tf-|-2H20, m.p. (anhydious) 148®, occurs in the juice 
of Pikus larix, and in Persian manna. It is distinguished from sucrose by its 
greater rotatory power (B. 26, R. 694), and in not being so sweet to the taste. 
It decomposes by partial hydrolysis into d-dextrose and turanose (B. 27, 2488). 

Staohyose, CisH^iOia, is obtained from Stachys tubertfera (B. 24, 2703). 


C. POLYSACCHARIDES 

The .polysaccharides having the empirical formula CeH^oOs* all 
possess a much higher molecular weight, (CeHio06)„, and differ much 
more from the hexoses than the di- and tri-saccharides. They are, 
in general, amorphous and soluble in water, except cellulose, which is 
insoluble. By hydrolysis, by boiling with dilute acids, or unde|;*^e 
influence of ferments (p. 677), nearly all are finally broken up into 
monoses (see Dextrin). Their alcoholic nature is shown in their ability 
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to fon^ acetyl and nitric esters. They may be classified as stardus, 
^%ums and ceUulose. . ^ 

There are certain gums, like cherry gum and wood gum (p. O63) which yield 
pentoses by hydrolysis. They are, therefore, called pentosans to distinguish 
them from the dextrosans — tlic polysaccharides, which break down into dextroses 
when they are hydrolyzed (B. 27, 2722). 

On experiments for determining the molecular magnitude of the polysaccharides 
3uch as starch, glycogen, cellulose, by chemical and physical means, see C. 1906, 
I. 655, etc. 

Starches. — (i) Starch, Amylum, (CflHioOs)*, is found in the cells 
of many plants, in the form of circular or elongated microscopic granules, 
liaving a definite structure. The size of the granules varies, in different 
plants, from 0 002-0*185 mm. Air-dried starch contains 10-20 per 
cent, of water ; dried over sulphuric acid it retains some water, which is 
only removed at 100®. Starch granules are insoluble in cold water 
and alcohol. When heated with water they swell up at 50®, burst, 
partially dissolve, and form starch paste, which rotates the plane of 
polarization to the right. The soluble portion is called granulose, the 
insoluble, starch cellulose. Alcohol precipitates a white powder — soluble 
starch — from the aqueous solution (C. 1897, II. 842). 

One of the supposed main differences between granulose and 
cellulose in the starch grains appears on closer examination not to 
exist, since starch is completely soluble at 138° ; the starch cellulose 
is perhaps a reversion product (see p. 658) of the partially hydrolyzed 
starfh. The main constituent of starch, that which is coloured by 
iodine, and is completely converted by malt into maltose (see bdow), 
is known as amylose, which is different from the slimy, paste-forming 
constituent known as amylopectin (see Pectin, p. 663) (A. 309, 288 ; 
C. 1905, II. 314 ; 1906, II. 229). 

The blue coloration produced by iodine is characteristic of starch, 
both the soluble variety and that contained in the granules (B. 25, 
1237 ; 27, R. 602 ; 28, 385, 783 ; C. 1897, 1. 408, 80 1 ; 1902, II. 26). 
Heat discharges the coloration, but it reappears on cooling. Consult 
B. 28, R. 1025, for a quantitative, colorimetric method for the deter- 
mination of starch. ^ 

Boiling dilute acids convert starch into dextrin and d-dextrose 
(Kirchhoff, 1811). When heated at 160-200° it changes into dextrin. 
Malt diastase changes it to dextrin, maltose, and isomaltose (p. 661) 
(B. 27, 293). This is a reaction which is carried out technically on 
a large scale in the manufacture of alcohol from starch (p.'iis). 

(2) Paramylum, (C,ll,oO^)«, occurs in the infusoria Euglena virtdis. It is not 
coloured by iodine, and is soluble in potassium hydroxide. 

(3) Lichenin, Moss -starch, (C^HioO^V, occurs in many lichens, and in Iceland 
moss (Cetraria islandica). Iodine imparts a dirty blue colour to it. It yields 
d-dexfoose when boiled with dilute acids. 

(4) Inulin is found in the roots of dahlia, in chicory, and in many Compositas' 
like Intda helenium. Iodine gives it a yellow colour. When boiled with water 
it is completely changed to d-fructose. 

(5) CaruiUn, (CtHi^O^),,, occurs in St. John's Bread, the pods of Ceratonta 
siligua, and is decomposed by mineral acids into d-mannose, C«Hi|iO«. 

(6) Olycogen, Liver Starch, is sn important product 

of metabolism, and occurs in the liver and other portions oi mammals ; 
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also in the lower animals and fungi (mushrooms). The liver fonns 
glycogen from dextrose and other monoses, glycerol, formaldehyde, 
etc. (C. 190^, II. 168 ; 1908, 1. 1176). When boiled with dilute acids 
glycogen is changed into d-dextrose; ferments, however, produce 
maltose. For quantitative determination see C. 1899, I* 57^ I IQOS# 

1. 1305. 

The Gums. — ^These are amorphous, transparent substances widely 
disseminated in plants ; they form sticky masses with water and are 
precipitated by ^cohol. They are odourless and tasteless. Some of 
them yield clear solutions with water, whilst others swell up in that 
menstruum and will not filter through paper. The first are called the 
nal gums and the second vegetable mucilages. Nitric acid oxidizes 
them to mucic and oxalic acids. 

Dextrin, Starch Gum, Leiocome, — ^By this name are 

understood substances readily soluble in water and precipitated by ' 
alcohol ; they appear as intermediate products in the conversion of 
starch into dextrin, e.g,, heating starch alone at 170-240°, or by 
heating it with dilute sulphuric acid. Different modifications arise 
in this treatment : amylodextrin, erythrodeoctrin, ackroo-dextrin, which, 
however, have received little study (B. 28, R. 987 ; 29, R. 41 ; C. 
1897, 1. 408 ; A. 309, 288). They are gununy, amorphous masses, of 
which aqueous solutions arc dextro-rotatory, hence the name dextrin. 
They do not reduce Fehling*s solution, even on boiling, and are incapable 
of direct fermentation ; in the presence of diastase, however, they can 
be fermented by yeast (p. 113), and are then converted into d-dextrose. 
They yield the same product when boiled with dilute acids. The 
dextrins unite with phenylhydrazine (B. 26, 2933). The yeast gum 
. present in yeast cells, has been isolated (B. 27, 925]. 


Dextrin is prepared commercially by moistening starch with two per cent, 
nitric acid, allowing it to dry in the air, and then heating it to 1 10". It is employed 
as a substitute for gum ( 13 . 23 , 2104). 

Arabln, Oum, exudes from many plants, and solidifies to a transparent, glassy, 
amorphous mass, which dissolves in water to a clear solution. Gum arabic or 
gum Senegal consists of the potassium and calcium salts of arabic acid. The latter 
can be obtained pure by adding hydrochloric acid and alcohol to the solution. It 
iarthen precipitated as a white, amorphous mass, which becomes glassy at xoo^, 
and possd!»ses the composition H| 0 . It fo^ms compounds with 

nearly |l11 the bases, which dissolve readily in water. 

Some varieties of gum, e.g., gum arabic, yield galactose in considerable quantity 
when boiled with dilute sulphuric acid ; and with nitric acid they are converted 
into mucic acidt ; others, like cherry gum, are transformed on boiling with sulphuric 
acid into 1-arabinose, CiHtoOi (p. 619), and into oxalic acid, not mucic acid, by 
nitric acid. The gum, extracted from beechwood by alkalis and precipitation 
with acids, is converted into xylose (p. 619) by hydrolytic decomposition. Hence 
these gums must be regarded as pentosans (p. 662) (B. 27 , 2722). On the 
hydrolysis of the pentosans, see also B. 86, 519). 

Bassorln, Mucilage, constitutes the chief ingredient of gum tragacanth, 
Bassora gum, and of cherry and plum^ms (which last also contain arabin). It 
swells up in water, forming a mucilaginous liquid, which cannot be filtered ; it 
dissolves very readily in alkalis. On the hydrolysis of plant-mucus, see B. 86, 

substances (from wtiktIs, coagulated) occur in fruit juices, «.g.. ap^, 
cherries, currants, greengages, etc. They cause these, under smtable conditions, 
to gelatinize. They are closely allied to &e vegetable gums, and may be rej^ded 
as oxymucilage (A. 286 , 278 ; B. 28 , 2609). 
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CellnloBe, Wood Fibre, Lignose (C12H20O10)*, possibly C72Hi2oO«o 
(B. 22', 2507), forms the principal ingrediqnt of the cell membranes 
^of all plants, and exhibits an organized structure. To obtain it pure, 
plant fibre, or, better, cotton-wool is treated successively with dilute 
potassium hydroxide solution, dilute hydrochloric acid, water, alcohol, 
and ether, to remove all admixtures (incrusting substances). Cellulose 
remains then as a white, amorphous mass. 

Sulphite Cellulose is prepared by treating wood with hot calcium 
bisulphite liquor under pressure, whereby the lignin Surrounding the 
wood fibre is dissolved. Sodium cellulose is formed when straw is 
heated with sodium hydroxide solution. Cellulose is employed for the 
manufacture of paper, parchment paper, gun-cotton, smokeless pow- 
der, celluloid and celluloid-like bodies, artificial silk, oxalic acid, etc. 

Cellulose is insoluble in most of the usual solvents, but dissolves 
without change in an ammoniacal copper solution (B. 38 , 2798). Acids, 
various salts of the alkalis and sugar precipitateoit as a gelatinous 
mass from such a solution. After washing with alcohol it is a white, 
amorphous powder. When acted on by sodium hydroxide solution 
of various concentrations, cellulose absorbs the alkali with simul- 
taneous contraction. The alkali can be removed by washing with 
water leaving the cellulose behind as a hydrate (Mercerisation, B. 40 , 
441, 4903). The alkali cellulose combines with carbon disulphide to 
form water soluble xanthates, known as viscose (B. 34 , 1513, etc.), 
which on hydrolysis also yield hydrocellulose or cellulose hydrates. 
These hydration products of cellulose can also be produced in various 
other ways. 

Oxycelluloses constitute a whole series of bodies obtained when 
cellulose is oxidized by nitric acid, bleaching powder, permanganate, 
and hydrogen peroxide (B. 34 , 719, 1427, 2415, 3589). 

If unsized filter paper be immersed for a short time in sulphuric 
acid, which has been diluted with half its volume of water, and then 
washed with water there is formed parchment paper ^vogetable parch- 
ment) which is similar to parchment, and has many uses. In concen- 
trated sulphuric acid cellulose swells and dissolves to a paste from wliich 
water precipitates a body similar to starch (amyloid), which is coloured 
blue by iodine. Prolonged action of sulphuric acid produce;^ dextrin, 
which is converted into racemic acid by dilution and subsequent 
boiling. Sulphuric acid and acetic anhydride produce an acetoacetate 
of a saccharobiose, the cr3^talline cellobiose, C12H22O11, osazone, m.p. 
198®, This, which can be obtained from the acetate by hydrolysis 
with potassium hydroxide, yields in part on hydrolysis with dilute 
sulphuric acid, dextrose. Cellobiose stands in the same relation to 
cellulose as maltose to starch (B. 34 , 1115 ; C. 1902, I. 183 ; comp. 
I. 1902, I. 405). 

Nitrocelluloses. — Strong nitric acid produces from cellulose, first, 
a hydrolyzable nitrate (B. 37 , 349 ; C. 1908, I. 2024). A more concen- 
trated acid, or, better, a mixture of nitric and sulphuric acids forms 
nitric esters, known as mtrocelluse (C. 1901, II. 34» 92 ; B. 34 , 2496). 

According to the mode of action, the products show varying characteristics. 
If pure cotton wool is immersed for 3-X0 minutes in a cold mixture of z part of 
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nitric acid with 2-3 sulphuric acid, and then carefully washed with water, there 
is formed gun-cotton (i^roxylin), which was discovered in 1845 by Schonbein. It 
is insoluble ii\ alcohol and ether and their mixture, and explodes violently when 
ignited in a closed space by percussion. In the air it bums very rapidly without * 
exp)loding. If the cotton wool be immersed for a longer time in a warm mixture 
of 20 parts of powdered sodium nitrate and 30 of concentrated sulphuric acid, 
there is formed soluble pyroxylin, which is dissolved by a mixture of ether and 
a little alcohol. The solution is known as collodion ; this, on evaporation, leaves 
the pyroxylin in the form of a thin transparent akin insoluble in water, which is 
employed in surgery and photography. 

The explosive insoluble gun-cotton consists mainly of cellulose 
hexanitgftte, Ci2Hi4{0.N02)604, whilst the ether-alcohol soluble pyro- 
xylin is formed chiefly of the tetranitrate, Ci2Hie(0N02)40e, and the 
pentanitrate, Ci2Hi6(0.N02)505 (B. 13 , 186). The solution of collodion 
cotton in nitrogylcorine (with small quantities of other substances), 
conbtitutes a blasting gelatin which is employed as smokeless powder 
(B. 27 . R. 337). . 

When mixed with camj)hor, nitrocellulose forms celluloid, a sub- 
stance like vulcanite (liiglily vulcanized rubber), having the dis- 
advantage of burning violently when ignited. 

Acetyl Cellulose is formed hy the action of glacial acetic acid, acetic 
anhydride, and a small quantity of concentrated sulphuric acid, or 
zinc chloride on cellulose. It is characterized by its solubility in various 
organic solvents and insolubility in water. It is used, like ammonium- 
copper hydroxide cellulose (p. 604) and nitrocellulose, for the prepara- 
tion of artificial silk, and many other technical purposes (C. lyOz, II. 
1022 ; 1907, T. 1736 ; 1908, 1. 1831). 

Simultaneous action ol acetic anhydride and nitric acid produces 
ctlliilose acetonilrate (B. 41 , 1837). Formic acid and sulphuric or 
hydrocliloric i i id give rise to cellulose formate (C. 1908, I. 328). 
Benzoyl chloride and pyridine produce benzoyl cellulose (C. 1903, I. 
744 )- 

It is remarkable that it has been found impossible to introduce 
iiK^re than three acyl, NO2, CH3CO, etc., grou])S into cellulose, of which 
tlie simplest formida is CeHigOs (C. 1906, II. 672). This, together 
with the ease with which cellulose is converted by HCl or HBr into 
bfomo- and cliloro-mothyl furfural (Vol. II.) suggests as the simplest 
^ , HO.cii— c:[i— cii— OH ^ V . , . ^ 

fonnula ( >0 "" >0 (C. 1906, II. 321), of which 12 polymers 

HOCH— CH— CHa 
of cellulose become possible. 

The products of dry distillation of wood, such as acetic acid, acetone, 
and methyl alcohol, are the most important decomposition-products of 
cellulose. When fused with alkali, cellulose similarly yields oxalic acid 
(p. 480). Fermentation of cellulose causes the formation of CO2, 
hydrogen and methane (C. 1904, 1 . 1338 ; 1906, 1 . 1034, etc.). 


ANIMAL STTBSTANCES OF UNKNOWN CONSTITUTION 

Now that the description of the aliphatic bodies has been con- 
cluded, certain substances of animal origin will be mentioned, of which 
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exhatjstive treatment properly belongs to the province of physiological 
chemistry. It is especi^y noteworthy that very frequently well- 
known mono- and di-amino-acids and hydroxyamino-^cids of the 
aliphatic series are found among the decomposition products of these 
bodies. Many of the substances described in the following pages occur, 
both in the vegetable and animal kingdoms, in closely related modi- 
fications of uncertain constitution, e.g., the proteins, the nucleins, the 
cholesterols, the enzymes, etc., and also the carbohydrates (p. 656) and 
lecithins (p. 531), which have already received mention. 


PROTEINS, ALBUMINS* 


These were formerly known as proteid substances, and form the 
principal constituents of the animal organism. They also occur in 
plants (chiefly in the seeds), in which they are exclusively produced. 
When absorbed into the animal organism as nutritive matter they 
undergo but very slight alteration in the process of assimilation. 

The composition of the different proteins varies ivithin definite limits (J. pr. 
Ch.[ 2 ] 44 , 345 ): 


c 

50 *0 

to 

55*0 per cent. 

Crystallized Albumin : C 

51-48 

H 

6*9 

99 

7*3 « 

H 

6-76 

N 

150 

99 

190 

N 

18*14 

0 

19*0 

99 

24'o 

0 

22*66 

S 

0*3 

99 

2*4 

S 

0*96 


The molecular magnitude of the proteins is not definitely known. ITiere is 
no doubt but that their molecular weights are large. Sabanejeff, employing 
RaoiUVs method, obtained 15,000 for the molecular value of purified egg albumin. 
All proteins rotate the plane of polarization to the left. They always leave an 
inorganic residue when they are burned. In the solution and precipitation pro- 
cesses employed in obtaining them free from mineral ash, the protein frequently 
undergoes a change in its properties (B. 25 , 204). 

When the proteins are oxidized, there are formed volatile fu,tty acids and their 
aldehydes, ketones and nitriles, hydrocyanic and benzoic acids. Permanganate 
produces first oxyprotosulphonic acid, of the composition 0=51*21 per cent., 
H=6*89 percent., N =14*59 percent., S=si*77 percent., 0=25*54 cent. ; and 
finally peroxyprot ic acid €=46*22 per cent., and H=6*43 per cent., N = 12^30 
per cent., 8=0*96 per cent., 0=34*09 percent. (Z. physiol. Ch. 19 , 225 f. 

Boiling with dilute sulphuric or hydrochloric acid, or with barium hydroxide 
solution or other alkalis, produces mainly amino-acids, the simplest decomposition 
products of the proteins, with varying quantities of ammonia and carbon dioxide. 
The most important of the acids, of which the structural formulae can be aLScer- 
tained are : 


a. Monamino-monocarboxylie Acids. 

GlycocoU, NH^CHaCOaH (p. 385). Hippuric Acid, C,HgCONH.CH,CO.H 
(Vol. II.). 


* Die Eiweissarten der Getreidearten, Hiilsenfriichte und Oelsamen, von 
H, Ritthausen, 1872. Handbuch der physiologisch- und pathologisch-chemischen 
Analyse, von F. Hoppe-Seiler, 1893. **£iweisskorper,** Artikel von Drechsel in 
Ladenburg*s Handw., 1885. R, Neumeister, Lembuch der physiol. Chemie, 

Aufl. II., 1^97. Hammarsten, Lehrbuch der physiol. Chemie, Aufl. IV., 1899. 
A. KosseL^her den gegenwartigen Stand der Eiweisschemie, B. 84 , 32x4; E, 
Fischer, UST^psuchungen fiber Aminos£Luren, Polypeptide und Protdbie, 1906. 
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AUu^. NH,CH(CH,)CO,H (p. 388). ■ 

Valine, NHaCH[CH(pt},)JCO|H (p. 389). 

Leucine. NH,CH[CH,CH(CH,)JCO,H (p. 389). 

Isoleudne, NH,CH[CH(CH,)(C,H,)]CO,H (p. 390). 

Phenyl Alanine. NH,CH(CH,C,H,)CO|H (Vol. II.). 
Tyrosine, NH,CH[CH,[i]C,Hj4](OH)]CO*H (Vol. II.). 

Tryptophane, NH,CH[CH,.C<^jj“*>NH]CO,H (Vol. Il.». 

6. Monamino-diearboxylic Acids. 

Aspartic Acid, NH,CH(CO,H)CH,CO,H (p. 553)- 
Glutatninic Acid, NHaCH(COsH)CHsCHaCO|H (p. 


c. Hydroxamino-, Thioamlno-, Diamino-p Imino-Aclds. 

Smwc,'*HOCH,.CH(NH,)CO,H (p. 540). 

Cystine, NH,CH(CO*H)CH,S.SCH,CH(NH,)CO,H. 

Ornithine, NH2CHaCHaCH2CH(NHa)COaH. together with Arginine, NH2C(NH)- 
Nn.CnaCH2CHaCH(NHa)COaH, and Omithuric Acid, CaHaCONHCHaCHaCHa- 
CH(NHa)COaH (p. 542). 

Lysine, NHaCHaCH,CH ,CHaCH(NH,)COaH (p. 542). 

Proline. 1 ^HCH,CH,CH,c:HCO,H (p. 543). 


Hydroxyproline, NHCHaCHi 


Histidine, 


/NH.CH 


aCH(OH)(!:HCOaH (?) (p. 598). 

(comp. p. 546). 


^N— C--CHaCH(NHa)COaH 

All these products are not obtained from all proteins, and their relative 
quantities vary within wide limits according to the various parent proteins. The 
quantitative separation of each amino-acid from a mixture of decomposition 
products has until now only been effected imperfectly, either by precipitation 
methods (comp. p. 6G9) or by E. Fischer* s method of esterifying the acid 
mixture, and separating the esters by fractional distillation in vacuo (p. 49). 

The hydrolytic decomposition of proteins is carried out most quicUy by 
mineral acids, and less well by alkalis ; further, the same efiect is achieved by 
means of the ferments of the alimentary canal such as pepsin and trypsin, whereby 
the protein passes through a scries of intermediate products — albumoses, peptones, 
poly- aud di-peptides (comp. pp. 390, &70) before the amino-acids are reached. 
The mineral acid hydrolysis can be carried out so that the poly- and di-peptides 
can be collected (B. 40 , 3544). 

The life processes of louer organisms such as the bacilli, bacteria, etc., con- 


cerned in putrefaction break down the proteins into fatty acids up to caproic 
acid, h^aminovalenc acid (p. 389) (B. 24 , 1364) ; phenyl acetic add, CaHaCHaCOaH 
(Vol. II.) ; V’hydroxyphenyl propionic acid, HO[4]C,H4li]CH,CHaCOaH (Vol. II.) ; 
phenol, CaHfOH (Vol. II.) ; also p-indole propionic acid, indole acetic acid, 
skatole (jS-niethyl indole), indole — bodies which are produced by the breaking 
down of tryptophane (see above) similarly to the previously mentioned from 
phenyU^alaiiinc and tyrosine (formula, see above, and B. 37 , 1801 ; 40 , 3029). 
Other basic substances are also formed during pubescence, mainly diamines and 
imines of the fatty scries, known as ptomaines and toxins (p. 331). 

Certain pathogenic organisms, such as the diphtheria and anthrax bacilli, 
produce a less far-reaching basic decomposition (?) whereby poisonous protein 
and peptone-like bodies are formed known as toxalbumins, which, when heated 


in aqueous solution lose their poisonous properties^ (B. 28 , R. 251). 

Proteins are produced in plants in daylight by unknown means from COg, 
HaO, NH,, HNOa and Ha^Oa ; plants containing chlorophyll also use substances 
containing *the groups — CHa — and — CHOH — . 

A knowledge of the constitution of the proteins can only be formed from A ’ 
few general aspects. ^ w' 

Ilie decomposition products show that the major part of the carbon is aliphatic. 
Also the protein yields only a relatively small quantity of break-down products 
possessing the aromatic ring, such as phenyl alanine, tyrosine, tryptojlialiei, m 
well as phenol, skatole and indole (B. 12 , 652, 1987). 

Potassium or barium hydroxide solution expels various quantities of K as NHg 
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(up to i) according to the kind of protein, and length of time of boiling (C. 1867, 
385; 'Tfliiger’s Arch. 60b ] Z. physiol, Chem. Ch. 29 , 5j). 

When boiled with hydrochloric acid, about of the N scj^^rates as NHa, 
} to I as amino-acid, whilst the rest is obtained as bases precipitated by phos- 
photungstic acid (Z. physiol. Ch. 27 , 105 ; 29 , 47). 

Nitrous acid drives out about Vo o 2 the protein nitrogen as gas (B. 29 , 1354)- 
Thus the large quantities of amino-acids formed by hydrochloric acid are not 
previously formed, but are pioduccd by hydrolytic decomposition, especially the 
NH, -groups. 

Since pepsin digestion constitutes a mild form of hydrolysis, the proteins 
acted on by this reagent yield i ol their nitrogen as when treated with nitrous 
acid, but give no nitroso-rcaction — the :NH group is absent. Protein thus 
digested and treated u itli nitrous acid yields aminocaproic acid when boiled with 
dilute sulphuric acid, whereby the amino -group can only be called intn being by 
the hydrolysis (J. pr. Ch. [2] 31, 134, 142). 

Since glutin-pcptone is a decomposition product of protein in which the 
nitrogen occurs in primary, secondary, and tertiary combination (B. 29 , 1084), 
the above disuusi,ed facts hold good tor protein also. When it has been shown 
that the NH^-group occurs only in small numbers in the protein molecule, the 
larger part of tlic nitrogen must occur in secondary and tertiary form. The latter, 
in particular, must unite together the groups of atoms from which hydrolysis 
produces ammo acids. 

The suljjljiir present in proteins can be separated up to about one-half as 
potassium su ipliide, by boiling with alkalis in absence of oxygen ; whilst the other 
half can be found as sulphuric acid when the substance is fused with sodium 
nitrate and hydroxide, but it is uncertain whether oxidation has taken place 
(Z. ph 'v siol. Chem. 25 , 16). Probably the main portion of the sulphur is contained 
in ])r<.leiiis as an atomic complex of cystine (p. 667). 

Oxygen is found in the decomposition products other than that in the phenol- 
hydroxyl of tyrosine, and the alcoholic hydroxyl in serin* and hydroxyproline 
(p* *'77). mainly in the carboxyl groups of the amino acids. Therefore, in the 

protein it must exist as COOH, CONH, and or 

Moreover, protein is found united with sugar (or hexosamine, such as dextros- 
amine), p. 63O, forming glucoproteins. If the sugar is split off by the action of 
acids, the protein is obtained with all its characteristic properties (Pflugef*s Arch. 
65, 2«T ; C 1899, I. 687 ; comp. B. 34, 3241). 

It is so far quite unknown how the larger groups of atoms which are found 
as decomposiUon bodies, arc arranged in space in the protein molecuh'. 

The physiological significance of the proteins lies mainly in the fact that they 
supply the material from which cell -substance is built. Here the protein 
is Roiii' times, perhaps always, in chemical combination with other inorganic and 
organic molecules. 

It IS also remarkable that protein is the only substance which, with waten«Lnd 
salt alone, and without fat and carbohydrates, can preserve animal 'life ; it can 
only partially be replaced by fats and carbohydrates. However copious may be 
the supply of food, it will not preserve life if it docs not contain a certain quantity 
of proteii? substances. The energy of an animal increases with the content of 
protein in a mixed diet. 

Like the fats and carbohydrates, ordinary protein is quite indifferent to 
atmospheric oxygen, in the absence of ferments. Since the intensity of oxidation 
exerted by the living organism, i.e., by the cell-substance, is quite independent of 
the fat and carbohydrate content but very dependent on the nitrogen content, 
the conclusion has been drawn that protein changes its composition on becoming 
a constituent of cell-matter, and becomes “ active " to oxygen, comparably to 
yellow phosphorus among the inorganic substances. In other words, there is a 
vast difference between dead and living proteins (P finger, arch. 6, 43 ; 10, 251, 
641 ; 11 , 222 ; 12 , 282, 333 ; 14 , i, 630 ; 18 , 247 ; 19 , 166 ; 51 , 229, 317 ; 62 , 
1,239; 333; 77,425). 

Finally, protein esteblishes its peculiar position in animal metabolism by the 
fact, that in the npurishment of the living animal the protein is first and com- 
pletely oxidized, and that the fat and carbohydrate are only attacked when the 
quantitjP^^'^rotein matter is not sufficient. Thus, the protein metabolism increases 
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within definite limits proportionally to its supply and quite independently of the 
supply of fat and car1y>hydrate ; an increase in fat and carbohydrate has no 
deep influence on the former (Pfiugert etc.). 

The nitrogenous derivatives of protein, which are eliminated in the urine, 
cannot in general be obtained artificially. The living organism converts protdn 
by oxidation and cleavage into ammonium salts, which become synthesized 
mainly in the liver, to urea, uric acid, and other amido-bodies. 

The proteins are usually insoluble in water. Their presence in 
the juices or fluids of the living organism is entirely due to the presence 
of salts and other substances which are still unknown. They are 
insoluble in alcohol and ether; most of them arc precipitated on 
boiling in weak acetic acid solution, by acetic acid and potassium 
ferrocyanide, or acetic acid and sodium sulphate, and by certain 
mineral acids, as well as by salts of the heavy metals ; also, by phos- 
photungstic acid, phosphomolybdic acid, potassium mercury iodide 
and potassium bismuth iodide, all in the presence of mineral acids ; 
further, by acetic and tannic or picric acids, trichloracetic acid, sulpho- 
salicylic acid, taurocholic acid, nucleic acid, and chondroi'tin-sulphuric 
acid ; finally, by alcohol in neutral or weakly acid solution. 

Many proteins are separated from solution by boiling, by alcohol, 
by mineral acids, etc : they are coagulated^ Their solubility is entirely 
changed. This is not the case with the so-called propeptones, which 
when precipitated by alcohol dissolve after the removal of the latter 
as readily in water as before the predpitation. 

, Reactions.-T--M\ inoteins are coloured a violet-red, like tyrosiue, when warmed 
witli a mercuric nitiatc solution containing a little nitrous acid {Millon’s reagent). 
A yellow colour is produced when they arc digested with nitric acid, whicli becomes 
a golden yellow on neutralization with ammonia {Xanthoprotevi reaction). The 
proteins yield beautiful violet-coloured solutions when digested with fuming 
hydrochloric acid, i'otassmm hydroxide solution and copper sulphate also impart 
a red to vioh t coloration to piotein solutions (Biuret reaction) (B. 29, 1354). 
On the addition of sugar and concentrated sulphuric acid they acquire a red 
coloration, which on exposure to the air becomes dark violet. If concentrated 
sulphuric acid be acjdcd to the acetic acid solution of proteins they acquire a violet 
coloration and show a characteristic absorption band in the spectrum. 

The manner of distinguishing and classifying the various proteins 
is •yet very uncertain. The original proteins, occurring in nature, 
are albumin, globulin, casein, gluten proteins, etc., whilst the secondary 
modi^ations obtained from them through the agency of chemicals 
or ferments arc : acidalbumins, albuminates, coagulated albumins, 
fibrins, propeptones, peptones, etc. 

Many of these modifications result from the breaking-down of the molecule of 
the original protein. It is wrll A\orth noting in such instances that the decom- 
position product still maintains the essential character of the proteins just as the 
starch molecules yield molecules of dextrose, which, like the starch, continue as 
carbohydrates. The breaking-down of the original protein, in the reactions 
referred to-, is proved by a fall in molecular weight. This has been partly 
determined by the method of Raoult (p. 16) and in part by testing the 
electric conductivity. The decomposition is also evidenced by the fact that the 
proportion of the carbon to the nitrogen in the decomposition product frequently 
varies from that in the other decomposition product, just as much as it varies 
between these substances in the parent body (Schmiedeherg, Arch. exp. Path. 89 ). 
This decomposition of the protein molecule is a hydrolytic decomposition. 
Proteins, p. 600. 
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In a certain number of secondary protdbi modifications ammonia, sulphur, and 
amidd^acids, like leucine and tyrosine, etc., have been spljt ofi, without the loss of 
the essential character of the protein. • . 

Of pre-eminent importance is the fact that the organs of the living animal body 
have the power of synthesizing the original protein from the products with lower 
molecular weights. This is certainly Similar to the formation of glycogen (p. 662) 
— the animal starch, from dextrose, in the liver. 

z. Albumins, soluble in water, dilute acids and alkalis, dilute and saturated 
solutions of sodium chloride or magnesium sulphate. In the presence of acetic 
acid the albumins are completely precipitated by saturation willi sodium chloride, 
magnesium or ammonium sulphate. When heated with sodium hydroxide 
solution there is produced the sodium salt of the water-insoluble protalbic acid, 
and the water-soluble lysalbic acid (B. 85, 2195). When heated in presence of 
neutral salts, the albumins, including serum-, egg-, and lact-alb«min, are 
coagulated. 

2. Globulins, insoluble in water, but soluble in dilute solutions of sodium 
chloride and magnesium sulphate. These solutions are coagulated on boiling, and 
by saturated solutions of ammonium or magnesium sulphates at 30®, which pre- 
cipitate them without any alteration in properties. This class contains : myosin 
and museulin (muscles), fibrinogen (in the living blqgd converted to fibrin 
by the fibrin ferment) ; fibrin-globulin ; serum-globulin ; erystal-lens globulin 
and Titellin ; also the proteins of the seeds of plants, especially edestln, which 
forms a crystalline calcium and magnesium salt, and which has been more 
thoroughly examined. 

3. The Gluten Proteins are characterized by their physical properties. In 
the hydrous state they are pasty, elastic masses. They only occur in wheat flour, 
where they constitute the chief essential for bread-making. Gluten is insoluble 
in water, and sparingly soluble in water containing a very little dilute add or 
alkali. Its solubility in alcohol (60-70 volume per cent.) is very characteristic. 
Some gluten proteins when decomposed yield large quantities of glutaminic acid. 
Thus, Ritthausen obtained not less than 25 per cent, of glutaminic acid from 
mueedin (see Ritthausen, etc., p. 222). Possibly the liver-proteins are proteins 
modified by ferments. 

4. Acid Albumins or Syntonins are insoluble in water and salts, soluble in 
hydrochloric acid or a soda solution, do not expel carbon dioxide from calcium 
carbonate, and are precipitated in acid solution by neutral metallic salts of the 
alkalis and alkali earths. Alkali hydroxide converts them into albuminate. 
The acid albumins are produced on treating the albumins, globulins, etc., with 
hydochloric acid, or with other acids (B. 28, R. 858). 

5. Albuminates, insoluble in water and salts, readily soli^ble in dilute acids 
(but precipitated by an excess) and a soda solution, expel carbon dioxide from 
calcium carbonate. They can be precipitated without alteration from acid, as 
well as alkaline, solutions by saturation with solutions of neutral salts of the 
alkalis and alkali earths. The albuminates are produced when albumin, 
globulin, etc., are treated with alkali hydroxide (see above, Protalbic ai^d Lysalbic 
acids). They cannot be changed by mineral acids into acid albumins, and the 
compound from acid albumin and allml i is not an alkali albuminate. The modifica- 
tions produced by treatment with mineral acids and alkalis are quite different 
bodies, 

6. Coagulated Albumins. — They are insoluble in water and salt solutions, 
and scarcely soluble in dilute acids. They are obtained by heating other albumins, 
or by the addition of alcohol, certain mineral acids and metallic salts. 

7. Fibrins, insoluble in water, scarcely soluble in sodium chloride solution, and 
in other salts, or in dilute acids, formed from globulin by a ferment (throfnbin) in 
discharged blood. The process of blood coagulation is expressed according to the 
invi^tigations of Schmiedeberg (Arch. exp. Path. 81, 8) by the following equation : 

(CniHifl^Ns0SOsg)g-i-HgOa«C,0gH,f|NagSOt4+Cjj4Hi7fNMSOg7. 

Flbnnogen. Fibrin. Fibrinoglobulin. 

8. Fropgptonss or Albumoses (B. 29, R. 5x8). Enzymes of the gastric and 
pancreatic juices produce modifications of the protdbis by hydrolytic digestion, 
whereby the protein passes through a series of changes — ^from the water-insoluble 
conditseCr^ia.that soluble in water containing neutral salts or even in pure watei; 
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but still precipitated by nitric or acetic acids and potassium ferrocyanide, and 
finally not even by thesp. The albumoses cannot be separated from the mixture 
either by ncutmlization or by •boiling, but are completely precipitated by a 
saturated solution of ammonium sulphate containing a little acetic acid, ^e 
following is notiworthy : — 

** The albumoses cannot be coagulated either by boiling their neutral or acidi- 
fied aqueous solutions, nor by the prolonged action of alcohol upon them, although 
they are insoluble in strong alcohol, and are precipitated by the latter." * 
Prolonged digestion converts them finally into— 

9. Peptones, which are perfectly soluble in water, acids, alkalis and salts 
of the light metals. They cannot be separated from their solutions either by heat, 
nitric acid, by acetic acid and potassium of ferrocyanide, or by ammonium 
sulphate. Phosphotungstic acid precipitates the peptones in the presence of 
hydrochloiic acid ; mercuric chloride, basic lead acetate, alcohol, etc., incompletely. 

Proteins, when acted on by pepsin and dilute hydrochloric acid at 30-40^, 
are dissolved, completely digested, and at first are converted into syntonins 
or acid albumins, then into albumoses or propeptones, and finally into 
peptones, which dissolve readily in water, are not coagulated by heat, and are 
not precipitated by most reagents (B. 16 , 1152 ; 17 , R. 79). For the molecular 
weight and constitutiqp of the peptones consult B. 25 , R. 643 ; 26 , R. 22. The 
lowering of molecular weight of the protein molecule by digestion, indicates that 
it has been broken down. That hydrolysis has taken place is most clearly shown 
by the action of nitrous acid which evolves much less nitrogen from prot. ins than 
from the albumoses or peptones ; and also by obtaining by boiling with acids 
without ferments, or by merely heating in presence of water, the same bodies as 
by digestion (see p. 6<^7). Further, the pancreatic enzyme and the ferments of 
putrescence also produce true peptones from proteins. The gastric enzyme does 
not act in neutral solution, contrary to that of the pancreas, which not only 
converts proteins to peptones (like the gastric ferment) but also splits them into 
amino acids and bases (Hedin, Dubois-Reymond* s Arch. 1891, 273 ; Kutscher, 
Z. physiol. Ch, 25 , 193 ; Kossel, Z. physiol. Ch. 25 , 194)- It is therefore note- 
worthy, that in the case of carnivors, at any rate, the purely meat portion of the 
food is only dissolved m the stomach (JPfiuger*s Arch. 77 , 438). 

The artificially synthesised di- and polypeptides which have already been dis- 
cussed (pp. 390, 54^, 353) resemble the peptones, in that many of them are 
broken down by pancreatic juice to the simpler amino-acids, as happens with 
the peptones themselves. 

There exists a whole series of bodies more or less closely connected with the 
proteins. Some are even more complicated than the proteins themselves because 
they are compounds, of them ; others possess the characteristics of the more or 
less decomposed protein molecule. 


• A. GLUCOPROTEINS 

The.sf bodies yield proteins and sugar or aminocarbohydrates when boiled 
with mineral acids (/licAu/aW, A. 134 ; Pa»y, The Physiology of the Carbohydrates, 
tr. into German by K. Grubc, 1895, Hofmeister, Z. physiol. Ch. 24 , 169 ; Muller 
and J. Seemann^ Deutsche med. Wochenschr., 1899, m. 13 ; Seemann, Arch. J. 
Verdauungskrankheiten, IV. 1898). - 

They are sub-divided into — 

(i) The glucopr oleins, which almost completely resemble the true sugar-free 
proteins in elementary compo'^ition and in all reactions, and which includes 
ovalbumin of birds’ eggs (Hofmeister, Z. physiol. Ch. 24 , 169). This group is not 
absolutely established, partly because of the impurity of the parent substances, 
and becausefa solution of the ovalbumin can be crystallized out from the dextrose 
compound (ovomucoid) ; partly because such trustworthy chemists as K, Momer 
or Spenser could not obtain a sugar from purified ovalbumin ; and partly because 
the glucoprotcins almost completely resemble the sugar-free proteins in elementary 
composition and all other reactions. 


• Lehrbttch dcr phys. Chemie von R. Ncumeister. S. 229 (1897). 
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(2) The Mucins are poorer in carbon and particularly in nitrogen, and are 
richer m oxygen than the glucoproteins, probably on account of their larger sugar 
content. They are not coagulated when boiledt in neutral or weakly alkaline 
solution ; nor by acetic acid and potassium ferrocyanide in prefence of sodium 
chloride ; but are precipitated by an excess of acetic acid. Tjhcy form ropy 
solutions. 

(3) The chondroglucoproteins are compounds of protein or gum with chondroitin 
sulphuric acid (p. 673). 

(4) The Mucoids, Mucinogens and Hyalogens include a large number of sub- 
stances which belong to this section, such as ovomucoid, pseudomucin of the 
ovarial cysts, etc., but which have only been investigated to a small extent. 


B. PHOSPHORPROTEINS 

These bodies consist of proteins with which phosphoric acid is combined in a 
peculiar manne r. 

(1) The Sucleins. When various cell-substances are dissolved with gastric 

juice there remains behind the insoluble cell nucleus (M^ischer, HoppC'Seyler* s 
Med.-chem. Unlersuchung, p. 451). This is nxwlein, which can be purified by 
solution in dilute alkalis, precipitation with dilute acids and final washing with 
alcohol and ether. Boiling mineral acids or alkalis split the nucleins into albumin 
and iivflctnic acid. This is further decomposed when boiled with mineral acids 
into phosphoric acid, uracil bodies (see uracil, crytosine, thymine, p. 574), purine 
bases (sec xanthine, guanine, adenine, hypoxanthine, p. 5^7), and other bases 
not clearly recognized. According to LUbermann, nuclein contains metaphos- 
phoric acid (B. 21, 102). Some nucleins yield carbohydrates on decomposition, 
buch as hcxoscs and pentoses (comp. 1-Xylose, p. Okj). (See constitution of 
lliynius nucleic acid, B. 41, 1905.) Nucleic acid and albumin in acid solution give 
a precipitate, which is included among the nucleins (Z. physiol. Clf. 22, 80). ‘ 

(2) Para- and pseudo-nucleins arc differentiated by their yielding albumin and 
phosphoric acid, but no purine bases when boiled with mineral acids. They can 
be artificially prepared by the action of metapho.iphoric acid on albumin (Pfluger*s 
Arch. 47, 155 ; B. 21, 598). The proteins remaining insoluble after the action of 
pepsin on paranuclcins, arc known as nucleo-albumins, to which class milk-casein 
belongs. 

Casein is dissolved in milk in the form of a salt containing the percentage 
composition of a protein with 0-85 per cent, of phosphorus. It is precipitated 
by dilute acids, as it is insoluble in water. Solution in alkalis and precipitation 
by acids is employed for its purification. Sodium chloride or magnesium sulphate 
precipitates it from its solution without change, and it can be purified by a repeti- 
tion of this process. Decomposition of casci'n with concentrated hydrochloric 
acid leads to the formation of all the hydrolytic decomposition products refesrred 
to on p. 677. together with diamino-trihydroxy dodecanoic acid {E. Fischer, l.c. 
P- 736). Foi chlorocasein and its decomposition product, see C. 1901, II. 690). 

A solution of the alkali or calcium salt of casein does not coagula!3 when 
heated 

A calcium-free solution of casein is not coagulated by rennet, but coagulation 
occurs on the addition of a calcium salt, even after the rennet ha's been rendered 
inactive by boiling. Rennet probably causes a decomposition of the casein into 
protein which is precipitated (paracasein) and a soluble protein (milk albumin). 

The paranuch in which is left behind after the action of gastric juice on casein 
is finally completely dissolved (Salkowsky, Pfluger's Arch. 60, 225). 

That portion of the casein molecule with which the phosphoric is combined 
is attacked only with difficulty during hydrolytic decomposition ; so that at a 
certain period during reaction, this behaves as a paranuclcin, and would be called 
a true nuclein if it also contained xanthine bases. 

The following class of substances have much in common, though 
to a diminished extent, with the decomposition products of the 
proteir^ 
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C. GELATIN (pERIVATIVES OF INTERCELLULAR MATERIALS) 

Certain liilrogrnous animal tissues, when boiled with water yield^ 
gluiinSy andlform the major portions of the intercellular substances — 
they are true collagens. 

That they are formed from albumin is shown by their absence 
in birds' eggs before incubation, and their first appearance in the 
embryo ; also, by the young of herbivorous animals which take only 
milk (which contains no gelatin), still continuously producing large 
quantities of collagen tissue. 

Glutitl, Gelatin, Bone Glue, swells in cold water, and dissolves on boiling to 
a sticky liquid, which gelatinises again on cooling. Concentrated acetic acid or 
boiling dilute sulphuric acid destroys this power of setting {fluid glue). 

Gelatin has approximately the elementary composition of the proteins, except 
tba^ it contains less sulphur. It rotates the plane of polarization to the left. 
Solutions of gelatin are precipitated by acetic acid and sodium chloride or 
potassium f^rrocyani^e (excess ot the latter, however, redissolves it), also by 
mercuric chloride and hydrochloric acid or sodium chloride, by metaphosphoric 
or phosphot\mgstic acid and hydrochloric acid, or potassium mercury iodide and 
hydrochloric acid, or by saturation with ammonium sulphate. 

Tannic acid precipitates gelatin tannate as a yellow sticky precipitate. It 
also combines with substances which yield gelatin, and forms leather. Gelatin 
solutions give the Millon and biuret r€ action ; also a feeble xanthoprotein colour. 

Dry distillation of gelatin gives rise to the formation of pyrrole and pyridine 
bases (bone oil). Oxidation with permanganate produces oxamtde (which also 
results from other proteins) and guanidine (from arginine, p. 667) ; and, with 
acid hydrogen peroxide, acetone and isovaleraldehyde (pro^bly from leucine) 
(C. 1902, 11. 540) 

When gelatin is boiled with concentrated hydrochloric acid the same decom- 
position products arc obtained as from albumin — glycocoll (about 16*5 per cent.) 
leucin*', prol.no, oxyprolino, aho serine, aspartic acid, glutamiriic ^cid, alanine, 
phenylalanine, arginine, etc. {E. Fischer, l.c. pp. 671, 739), but no tyrosine and 

tryptophane, and in the case of putrescence, no tyrosine, indole and skatole. 

• Gentle action of hydrocbloiin acid produces the alcohol-soluble giuiin-pepione 
hydrochloride. The action of nitrous acid on the glutin peptone shows that it 
contains primary and secondary, as well as tertiary amino groups (B. 201, 1084). 
Longer action of approximately a 12 per cent, hydrochloric acid solution gives 
rise to glutokyrine (a glutin peptone), which appears to be formed, together with 
glutamimc acid and glycocoll, from arginine aud lysine (C. 1903, 1 . 1144). Tryptic 
digestion of gelatin produces a dipeptide anhydride prolyl glycine anhydride 
(P« 54 ^ ) (comp. 13. 40, 354-I )• 

Although gelatin is very similar to albumin in its composition, it cannot 
replace it in animal metih^ ism. 

Acjtording to the substitution of calcium and magnesium salts, fat, etc., into 
those tissues which can supply gelatin, bone-fat and cartilage result. 

'* The cartilagc-gelatiii, or chondrin of some authors, obtained by boiling 
ordinary cartilage, consists of a mixture of gelatin, and certain compounds of 
chondroitin sulphuric acid with gelatin- or prrtrln-lijce substances on the one 
liand and alkalison the ether *’ (Schmiedeherg , Arch. exp. Pathol, u. Pliannakol. 
28 ; Morner, see p. 655, lootoote; Hammarsten, p. 323). 

Chondroitin Sulphuric Acid is, in its structural details, a still unelucidated 
condensation product of sulphuric acid, act^tic acid, and a polysaccharide amide 
or its corresponding acid (A. 351 , 344). An arti^'^ial mixture of gelatin and 
chondroitin sulphuric acid salts give the reaction of chondrin. Amyloid, whi<di 
appears pathologically in concentrically arranged layers of grains, and in 
arterial walls, belongs to the chondioproteins, and aLo contains chondtoltid 
sulphuric acid. 

Chitln is the chief compound of the shells of crabs, lobsterd, and other arti- 
culates. Krawkow (Z. f. Biol. 29 , 177) considers that the chitin in ^elto is com- 
bined with a proteln-Uke substance, and occurs in various modifications^ it is 

TOL. I. Z X 
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notewdrthy that here also thr* nitrogen is contained as dcxtrosamine (p. 636), since 
the cli-avagc of chitin by hydrochloric add yields dox tic. -.amine and acetic acid 
{Ledderkose, Z. physiol. Ch. 2 , 224). In tlmt . 4 ^.se the equation should hold 
(Schmiedeberg, etc.) : • ^ 

Ci,H,oN,Om+4H,0 * 2 C,Hj«,+ 3 CHaC 03 H. 

Cbitin. Dextiodflne. Acetic Aciil. 

When chitin is fused with potassium hytlRxide at 184® it is converted into 
acetic acid and chitosan, wliich, when heated with hydrochloric acid is split up 
into acetic acid and dextro- amine (B. 28 , 32). The stiffening material of fungi is 
probably identical with chitin, so that the mycostn, obtained from it by potassium 
hydroxide is identical with chitosan ( 13 . 28 , 821, R. 476 ; C. 190S, II. 2016). 

Elastin differs from albumin by its low sulphur content, and by its hydrolysis 
to glycocoll (2575 per cent.) leucine (21*38 per cent.), alanine, phen}^ alanine, 
valine, prolinc and glutaminic acid (C. 1904, I. 1364). Keratin, the main com- 
ponent of hair, n.iils, etc., possesses a very variable and sometimes particularly 
high sulphur content (0 7 to 5 per cent.) (B. 28 , R. 5^1) : but in spite of this, its 
percentage composition is close to that of Iht proteiim. Keratin yields almost the 
same products as albumin, viz., leucine, tyrosinf' and sciino (B. 35 , 2660). Elastin 
and Kcratiyi are more difficultly soluble and decomposjiJjl# than the true protein 
substances. Elastin is digested by pepsin and trypflfli, out not keratin. Partial 
hydrolysis of elastin gives rise to several di^^tides — d-alayiyl l-leucine, glycyl 
valyl anhydride, d-alanyl prolyl anhydride (B. 40 , 3544). 

Fibroin is the chief substance in silk which also contains silk glue; this is de- 
composed mainly into serine (p. 540). When left in solution in contact with cold 
concentrated hydrochloric acid it is converted into a peptone-like body, from 
which trypsin only produces tyrosine. The remaining peptone-like body is de- 
composed by acids or alkalis into glycocoll and d-alamne, or glycyl d-alamne (Ch. 
Ztg. 1902, 940). Also, a tetrupeptide, made up of glycocoll, alanine and tyrosine 
has been isolated by partial hydrolysis of silk-fibroin (B. 40 , 3552). 

Protamines, discovered hy Meischer (Arbeiten, Leipzig, 1897) are obtained by 
t reatment of fish-sperm with mineral acids. Hydrolytic decomposition and action 
of trypsin produce lysine, arginine and histidine (Kossel, Z. physiol. Ch. 25 , 165 ; 
B. 34 , 3233; C. 1905, I. 1721). The protamines are free from sulphur and 
phosphorus, and react with the biuret test, but do not give Millon’s reaction. 

Haemoglobin occupies a position in physiology of the highest importance, and 
has been minutely studied chemically. In connection with this chlorophyll will 
be discussed, whilst the related gall-dyes will be found in the section biliary 
substances. 


D. H.SMOGLOBINS 

The oxyhamoglobins are found in the arterial blood of animals and ma^ be 
obtained in crystalline form by the addition of alcohol to an aqueou,s solution of 
blood corpuscles, after cholesterol and lecithin have been removed by shaking 
out with ether. The different oxyhaemoglobins, isolated from the blood cf various 
animals, exhibit some variations, especially in crystalline form. Their elementary 
composition approximates very closely to that of albumin. It differs, however, 
by an iron content of 0*4 per cent. If the molecular weight of haemoglobin be cal- 
culated in the supposition that it contains an atom of iron, the value obtained 
exceeds 13,000. The haemoglobins are bright red, crystailline powders, very soluble 
in cold water, and are precipitated in crystalline form by alcohol. \^en the 
aqueous solution of oxyhaemoglobin is placed under reduced pressure or when it 
is exposed to the agency of reducing agents (ammonium sulphide) it parts with 
oxygen and becomes hamoglobin. The latter is also present in venops blood, and 
may be separated out in a crystalline form (B. 19 , 128). Its aqueous solution 
absorbs oxygen very rapidly from the air, and reverts again to oxyhaemoglobin. 
Both bodies in aqueous solution exhibit characteristic absorption spectra, whereby 
they may be easily distinguished. 

If carbon monoxide be conducted into the oxyhaemoglobin solution, oxygen 
is alsqL,displaced and hsemoglobin-carbon monoxide formed, which can be obtained 
in largv^ 'Crystals with a bluish colour. This explains the poisonous action of 
carbon monoxide. 
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The bluish-red solution of carbon monoxide in haemoglobin, like oxybaemo- 
globin, shows two cheyracteristic absorption bands between the Fraunhofer lines 
D and £, which do not disappear cm the addition of ammonium sulphide (methods 
of didcrcntiallon from oxyhaj^apglobin). Oxygen-free haemoglobin shows one 
absorption bald between D ==CO and Og enter into combination in equal 

volumes; it is, < therefore, noML question of molecular attraction, but actual 

atomic union: HbsCOandHbeS. These compounds are partially dissociated 

above o'*. Equivalent quantities of other gases, such as NO 4, HNC, are absorbed 
by haemoglobin. Hsematochroniogen (below) also absorbs one equivalent of CO. 

At 70°, or by the action of acid or alkalis, oxyhaemoglobin is split up into 
a protein such as glohin (hydrolysis, see E. Fischer, l.c. 695, 740), differing 
for each«animal, fatty acids and the colouring matter hamatochromogen ; the 
latter subst.iiirc, in contact with free oxygen passes into haematin. It contains 
i) per cent, of iron, and corresponds with the formula C 84 ^^aRFeN 405 (Hoppe-- 
Seyler), C3an3,N4Fe04 (Nencki and Sieher) or Ca2Ha4N4F04 (Hiifner^Lnd. Kiister). 

If one drop of glacial acetic acid and very little sodium chloride be added to 
oxyhaemoglobin (or dri^'d blood), microscopic reddish-brown crystals of htemin or 
hcematin chloride, C34HasN404FeCl (?) are formed (B. 29 , 2877 ; 40 , 2021 ; A. 358 , 
213), from which alkalis precipitate hesmatin, C84H83N4O2FCOH. The formation 
of these crystals serves as a delicate test for the detection of blood . The structural 
formula of haematin appears to be near its elucid.ition. 

Oxidation with potassium bichromate breaks haematin down into the imide 

CliJCr-CO 

of the tribasic hamatic acid, H /NH, m.p. 114®, which yields 

HOOC.CHjCH^.O— CO'^ 

the corresponding anhydride acid, C8H7(C08H)(F0)20, m.p. 97® when treated 
with alkalis. When heated above 120® it loses COo and passes into the imide of 
the dibasic methyl ethyl maleic acid (comp. p. 519). 

, When haengatin is treated with hydrobromic acid it loses iron and is converted 
into heematoporphyrin, C84I-138N404. Gf ntle action of hydriodic acid and phos- 
phonium iodide produces mesa porphyrin, C84H88N4O4 ; more energetic treatment 
gives rise to an oxygen-free, volatile, easily altered oil. heemopyrrole, CgHjjN. It 
is probably an alkylated (methyl propyl?) pyrrole (Vol. II.), the more probably 
since the breaking lown of haematin (see above) by oxidation, gives rise to alkyl- 
ated maleic acid ( 13 . 34 , 997 ; C. 1906, 1 . 1026). 


. CHLOROPHYLL 

Under this heading are collected those vegetable colouring matters which occur 
in all the green portions of plants, and which play a r 61 e of the highest importance 
in physiological development in the vegetable, and therefore indirectly animal, 
kingdoms. 

It is rerfiarkablc that chlorophyll, the green vegetable colouring matter, and 
hsemin.^he colour in red blood, appear to be closely connected (p. 676). What 
iron is to hacmin, magnesium is to chlorophyll (Willstatter). 

Amorphous chlorophyll is obtained by extracting the fresh or dried green parts 
of plants with alcohol, and the liquid thus formed is purified by shaking out with 
benzene or carbon disulphide and water. Purified chlorophyll is an amorphous 
green mass, still probably consisting of a mixture of substances, the ash of which 
consists of magnesia. Magnesium in the chlorophyll can be abstracted by dilute 
acids, and neutral ash-free substances result — chlorophyllan, phaeophvtin, phyl- 
logen8 etc. (comp. A. 354 , 207 ; B. 41 , 1352 ; C. 1908, IT. 952). These seem 
to be partially of ester-like character, since hydrolj^sis with alcoholic potassium 
hydroxide liberates an alcohol phytol, CJ8H40O, b.p.o.,, i45**. Df =0-852, whilst 
the acid portion consists of a mixture of substances, phytochlorine and phytorhodin 
(Willstatter). 

Alkalis are not able to separate the magnesium even at 200*, but rather con- 
vert the chlorophyll into other substances containing magnesium, such as rhodo* 
phyllin, etc. (A. 358 , 205), from which dilute acids again produce ash-free bodies. 
A similar treatment converts chlorophyll into phyllo porphyrin, which is closely 
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similaF'to mesoporphyrin and hsmatopoi^hyrin (p. 675), as shown by its formula, 
^#4^84^40 8 (?), its chemical reactions — it yields a pyrrole derivative, similar to 
hxmopyrrok — and its absorption spectrum {Sckunk and MavMewski, A. 290t 
306 ; B. 29, 2877 ; 84, 1687 ; 41, 847). { 

The chemical relationship be^een hemoglobin and chloropl^ll indicates an 
analogous physiological activity ; hemoglobin takes up the oxygen from the air 
breathed into the lungs and gives it up to those organs of the body which require 
it, whilst chlorophyll abstracts oxygen from carbon dioxide and water and gives 
it up for the use of the animals. 

Since the lower fungi which contain no chlorophyll are able to build up carbo- 
hydrates, fats, and proteins from many different bodies containing the groups 
CH 2 and CHOH, thoro can be no doubt this synthesis is carried out by the living 
cell -substance to which the required atomic groups arc delivered by reduction in 
the green parts of i iv plant (private information from E. Pfiuger). ^ 

Crystalliied chloophyll, C„H4a07N4Mg (?) and its reaction products, see A. 
858, 267 ; C. 1908, 11. 715). 

Carotin and Xanthophyll are red and yellow colouring matters which occur 
with chlorophyll in leaves, and give rise to the autumn colours. 

Carotin, is also obtained from carrots {Daucus carota); 

it forms red crystals. 

Xanthophyll. C^oII^eOg, m.p. 172°, foims yellow crystals. It is characterized 
by its beautiful iodine .addition products ; it absorbs oxygen energetically, and 
may be of significance in connection with the oxygen-breathing of plants as chloro- 
phyll is for the COs breathing (A. 355, i). 


E. BILIARY SUBSTANCES 

In the bile, the liquid secretion of the liver which assists in the emulsifying 
and absorption ot fats, there exist a connected series of peculiar acids in the form 
of their sodium salts. The best known are glycocholic acid and tqurocholic acid; 
also lecithin (p, 5U). cholesterol, and some bile pigments. 

Bilirobin, Bilifuscin. Biliprasin. CajH,eN404 (?), is closely connected with the 
blood pigment. When oxidized with chromic acid it yields biliverdic acid, identical 
with hcFtnatic acid (p. 673) (B. 35, 1268 ; C. 1903. 1. 1233, 1906, 1. 1498). 

Cholallc Acid, Cholic Acid, m.p. anhydrous 195° (13. 27, 1339 ; 28, R. 233 ; 
29, R. 142), is obtained together with glycocoll when glycocholic acid is broken 
down, and with iaurin when taurocholic is similarly acted on. It is a mono-basic 
acid. Glycocholic and taurocholic acids occur as sodium salts in bile. In the 
preparation of cholalic acid, choleinic acid, C„H„0. ojiiX felHc acid. C2tH8804, arc 
also formed. Iodine produces a blue compound similar to* that between iodine 
and starch (B. 28, 785, R. 720). On the oxydation of cholic acid, see B. 82, 683. 

Glycocholic Acid,C,4H3804.NHCH2C08H, m.p. 133", decomposes into cholalic 
acid and 'dycocoll (p. 383) when boiled with aqueous alkr.li hydroxides. 

Taurocholic Acid, C24H„04.NH.CH8CH2S02H (ravpos = ox, = bfic) is 
easily st»lublc in water and alcohol, and is decomposed when boile'd with water 
into cholalic acid and taurine (p. 326). i 

Cholesterol, C27H45OH, m.p. 148®, b.p. about 360®, [a]D=— 31*12® (in ether) 
occurs, partly free and partly as an e.ster with the higher fatty acids, in many 
parts of the animal organism, not only in the bile (xoAiJ=bil9, ffT^ttp=tallow), 
but also in gall-.'.tonc.s, which contain 90 per cent, cholesterol, in the brain, blood, 
egg-yolk, wool -fats, etc. 

In the intestine cholesterol is reduced to coprosterol. C17H47OH (?), m.p. 96® ; 
a dextro-rotatory saturated alcohol (B. 29, 476 ; C. 1908, II. 1279, 1500). 
Cholesterol protracts the rod blood corpuscles from haemolysis by certain toxins ; 
it acts, therefore, against invading poisons (C. 1905, 1. 1265 ; B. 42, 238), 

Cholesterol i.s insoluble in water, but soluble in most organic ^Ivents. It 
crystallizes from alcohol in mother-of-pearl leaflets or tables possessing a fatty * 
feel, and containing one molecule of water; from ether it forms anhydrous 
needles. It is a secondary olefine alcohol, it takes up HCl, bromine {dibromide, 
CtyHigBriOH, m.p. 125°, serves to characterize it), and hydrogen {dihydrochotes- 
m.p. 142®, B. 41, 2199). 

CfS^^efyl Chloride. C, ,11 4401, m.p. 96®, is formed from cholesterol and 
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thionyl chloride ; sodium and amyl alcohol reduce it to cholestene, C|fH4g, 
m.p. 90^ (B. 27 , R. 301). The esters of cholesterol were the first discovered 
substances fou&d to possess a crystalline fluid condition (p. 46). 

When heatfd to 310^ cholesterol is partly converted into the (stereo- ?) isomeric 
fi-^choksterol, m.p. lOo^, which can also be formed by reduction of choUstenene, 
C„H 440 , the ketone corresponding with cholesterol. It can be reconverted into 
the ordinary form of cholesterol through the benzoate (B. 41 , 160). 

Cholesterol contains only one olefine bond, and, as is shown by its C : H ratio, 
a carbon ring ; and is connected with the terpenes (Vol. 11 .). Its structure has 
been partially elucidated by an examination of its oxidation products {Mauthner, 
Suida, Diels, Abderhalden,'Windaus ; B. 41 , 2558, 2596). Without examining 
the matter in detail, it suffices to give the following provisional formula 

A\.cording to this, chlolesterol is a polycyclic, secondary ring alcohol, with 
several side chains, among which an isoamyl and a vinyl group are to be identified, 
the latter giving eas^Popportunity for further ring formation, similarly to what 
happens among the olefinic terpenes (Vol. II.). 

Cholic acid (p. 676) should be related to cholesterol, but still more closely 
allied appears to be chenocholtc acid, C„H440.. which occurs in the bile of geese 
(A. 149 , 185). 

The esters of cholesterol and isocholesterol, m.p. 138^, with the higher fatty acids 
are the constituents of lanohn or wool fat which is found on unclcaned sheep's wool, 
and is employed as an ointment, since it has the peculiarity of being absorbed by 
the skin. 

In the mixture of soaps, resulting on saponification of lanolin, there have been 
isolated lanoceric acid, CaoHoo^i* m.p. Z04 , lanopalmitic acid, C14H44O4, m.p. 87^, 
mjrristic acid^p. 262) and carnauhic acid, C44H44O4 (B. 29 , 2890). 

Cholesterol -1 ike substances have been found in plants. Phytosterol, isomeric 
with cholesterol, occurs in seeds and plant-germs (B. 24 , 187). a- and p-Amyrin, 
from Elemi resin (B. 24 , 3836), and lupeol (B. 24 , 2709) from the seed husks of 
Lupinus luteus are other examples. Hippoco prosterol, or chortosterol, Cg^HisOH, 
m.p. 79® (C. 1908, 11 . 1277). 


F. UIJORGANIZED FERMENTS OR ENZYMES 
(Comp. p. 113.) 

The unorganized ferments, which play an important rfile in fermentation, 
many putrcscing processes, and digestion, are produced from animal and vegetable 
cell^. The^ are of unknown structure, soluble in water, and lose their activity 
on being boiled. Their influence is mainly hydrolytic. It is striking that for 
the hydrolytic decomposition of different substances, almost always different 
enzymes are required. Pepsin and trypsin hydrolyze proteins but not fats or 
starch ; the diastatic ferment of saliva hydrolyzes starch, but has no action on 
fats. The con^guration of glucosides has a definite influence on the action of 
enzymes (B. 28 , 984, 1429). Vegetable enzymes are : invertin, diastase (p. 113), 
emulsin or synaptase in bitter almonds, papayotin, from the fruit of the paupaw 
(Ca/rica papaya), all producing far-reaching decomposition of proteins (B. 85 , 695). 

Nomenclature of enzymes (B. 30 , S3t). 

On the inclusion of zymase, thv active' 't'^rmentative principle in the juice 
expressed ifpm yeast, as an enzyme (see p. X12}. 
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— — — of Cadmium, 187 

of Germanium, 181 

of Lead, 188 

ol Mercury, 187 

of Sibcon, x8o 

of the Alkali metals 184 

of the Alummium group 18b 

of the Magnesium gioup 1^4 

of the Melamines, 473 

of Tin, 282 

of Zinc, x86 

— Diazo-compounds, 169, 270 
Diazoimides, 271 

Disulphides 144 

Disulpboxides, X47 

Dithiocarbamic Aads, 449 

Fumaric Acids, 519 

Glucoses, 633 

Guanidines, 455 

— Halides, 93, 13X . _ 

Halides, Magn^siuxn, 166, 274i 3i9- See 

gho Magnesium Alkvl Halides 
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Alkyl HydantoTns, 443 
l^tlrazines. 169 

— Hydiogen izg 

Hydrosulphides 14a 

HydroxyUmmcs 152 163 171 

Ketones, 341 

— Isomelamiiies 474 

Maleic Acids 3x8 

— — - Malonic Acids, 489 

Diamides of Horn is 491 

Oxalic Aad, Chlorides of 4S 

Oxamides 483 

Oxychloruphosphines 175 

Phosphinic Acids, X41 171 17 j 

Phosphinic Oxides 171 i ;5 

Pho pho acids, 173 171 n 

— - Phosphonium Cornp 111 K /3 
Pyroiartnmide 40b 

— Semicarbazides 447 

Succinic Acids 493 

Sulphamides i6t> 

Sulphaminic Acids 168 

bulphmic Aci Is iji 147 

— Sulphonic Aci Is I4( 

Sulphorochlor }] losphi es 173 

— — Tetrachlori ph phmts 175 

— ■ Tatrotuc Adis 550 

Thiocarbainir Ester 449 

Thiociil mil Us 469 

Tlu cy mates 468 

— fhic r uric Acids 578 
Thiou\ I immes 1 67 

Thio ulphonic Acids 146 47 

Uramiis «578 

Xmthmes 591 

Alkamines 330 
Alkoxy acrylic Acids 303 
Alkoxy formiTiiidmes 446 
Alkylamm Halides 167 
Alkylammes 
Halogen 331 

— Hydroxetlivl 329 

Phusphuious Deiivativcs of the 168 

Sulfhur D rivalu s jf th 167 

Alkylate J A etyl Acet ni 351 

Diarame 331 

Dim'll mic Acids 613 

Imiues 334 

Malonic Acids 508 

Nitrosates 45 

Nitrosites 345 

Nitrosochlorides 345 

Alkylenes 7; 80 
Alkylenc(Kil 316 
Alkylidene Amin i sulphites 207 

Bis pyroracrmit A i Is 503 

Bis tetrrnic Acids 34') 

Alkali Metals Mkyl Driivatives of the 184 

Alkyloj,ens 103 131 

Allant lie Acid 573 

Allan tom 573 

Allantunc Acid 573 

AlJene 90 

Alltum sattvum 144 

— 144 

Allocrotmic A il 297 

Alloergatia 20 ) 514 

Alloisomensm 32 34 

Allomucic Acid (51 

Allophanic Acid 4 a i 

— — Ester o Methyl 44G 

Allophanamide 44 

Alloxan 578 

Alloxanic Acid, 580 

Alloxantin, 380 

Alloxacine 579 

Allyl Acetone 23 

Alcohol 188 124 2T5 298 5af 

— — Derivatives i 4 454 

Alcohols, X24 

Acetic Acid 299 

— Ester 229 

Acetoacetic Ester 23a 

— Alkvl Ketone 228, 229 


\1 yl Bromide 136 

Chlotidc, 13b 137 

Cyanide 297 a 

Cyanimide, 47A 

Disulphide, X44 . 

I ther 139 I 

Ltbylcnc Tncarboxylic Lster 532 

Fluoride 13b • 

Forinamidc, 239 

Halxaes 98 136 

lodA 13b 

——•Mercury 188 

Isothiocyanic 1 sttr 470 

Malonic Acid 508 

Mustard Oil 1*3 13/ 144 470 

Succauc Acid ^ 2 

Sulphide 137 144 

SulpllDcarbaintdc 452 

Thiocyiuate 137 • 

— Ti I bromide 593 

I r I 440 446 

Allylami K i6b 

Mkylainin i ivli Lstcrs,HomolotyOUS 4 > 

Mlylcne Iodide >8 

Allylencs, 85 89 90 *20 

AIlvliu 5^1 

Almond Oil 300 

Vluiuinium Aik xy f^envativcs 117 
Carbide f 7 7 

Group, Alkyl derivatives ot the met u 

the 188 
Alypm 533 
Am'ihc Acid s8o 
Aiuidc Acids if 2 


— Chlori les 281 
Amides 233 274 277 

Cyclic 3 

Amidmes 281 288 
Ainidoacetonitiil Methylene 24a 
Amldoaldehyd 339 
Amidocarboi yl Glycollic F ster 4 {6 

lactic Lst r 436 , 

Amide fatty \ 1 1 381 

Amidoformic Ail 435 
Amidt guanidiiu Chi ri Galactose 03 

Mcrcaptils C35 

Amid 1 cthionir A 1 1 323 
Ami Ijlac tic Acid 3 3 
Ai iidoinaloni Acid Nitiilcof 24X 
Ami 1 tl loiz 1 s 4S1 
Ami 1 val r )1 lot n 423 
Ami X m s 283 
Amid ximt Ox ili \ci 1 484 
Amidux-ilyl C ly 11 

Amidoxyl Ac ii \ 1 1 Si 

Ainidoxyl fatty AciJs s8i 

Amidoxyl Nitril s 1 

Amines 104 15^ 164 ih*) 1 r 
Ketoximt 34s 

Ammoacetil 33 ; 3 to i 

Aminoacetald hy I 330 340 
Ammoaconmi 1 
Aminoirclic An i 38^ 

1 ihyl 1 s r jMb , 

Aminoacetoarctir \ci 1 ■543 
Aminjicctom 341 

Diethyl Suli b ic 344 

Aminoacetonitnlc 386 
Aminoacetyl Act torn 536 
Ammo arids 885 38 ) 390 
Aininoadi nine s8 > 

Aminoadipic An 1 560 
AniinoaUnine 397 
Ammo methyl iavulmic An 1 545 
Ammo anilido oxalic Ester t 
Aminobarbituiu Acid 578 
Aminobiuret 445 
A nil nobutanol 330 
Ainuiobutync Acetal 340 

Acid 880 392 808 884 

Ammo butyro sulphonic Acid 348 
Ammobutyryl 392 
Aminocaffiine 591 

Aminocaprolc Acid 299 889 ao< 399, 651 
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Amiuocapryllc Acid, 390 
Aminocarbozylic Acids, 393 

— — Carbamic Acid t>erivativet of the, 

436 • 

— Cyclic i^ides of the, 395 

Aminocrotonic Ach Nitrile, 420 

Ester, 304, 3A, 419 

Amino-dialkyl-acetic Acids, 382 
Amino-diincthyl-acetoacctic Add, LjKtam of, 

42Z Jk 

Amiao-dimetbyl-acryllc Acid Ester, jB 
Amino-dimetliyl-bXiccinic imide, 557 
Amfaodiozypuiines, 389 
Aminodioxypyrimidine, 586 
Aminodithiocyanuiic Acid, 468 
Anunoethyl Alcohol, 329 
Ether, 330 

— Mercaptan Hydrochloride, 331 ; 

Sulplronic Acid, 320 

Aminoethylidcne Succinic Ester 508 
dIBdhO'fatty Acids, 381 
A^nofumaric Ester, 5C6 
Araino-formimido-ethers, 446 
Aminolumaramide, Ester, 566 
Aminogl'icoheptonic Acids, bji 
Aminoglutaconic Ester, 369 
Aminoglutaconimide, 569 • 

Arninoglutaramic Acid, 559 
Aminoglutaric Acid, 338, 339, 5^0 
Anunoguanidine, 438 
AminO'8-guanidmo-valcric Arid 542 

Chloride, d-Dextrose, 634 

Aminoheptylic Acid, 39b 
Aminohydantoic Ester, 447 
Aminobydantoin, 447 
Aminohydantoin Carboxylic Acid. 584 
Aminohydracrylic Acid, 340 
Amino-hydrozy-butyrir Acid si i 
Amino'hydrozy-propionic Ai .d 540 
Amino'bydroxy-valeric Acid, 541 , Dip’ptide 

Anhydride, sy 

Aihino-imino-mAhyl Cy.inotria/.i ut*, is'J 
Aminoisetluouic Arid, 326, 3 31 
Aininoisobutyric Acid, 230, 388 
Aminoisosuccmic Acid, 350 
Aminolsovaleric Acid, 393 
Aminoketones, 229, 343 
Aminolactic Acid. 541 

Aldehyde, 534 

AnSinomaleic Amide E'>ter, 366 
Amimomaleiuimidc, 511 
Ammoiualonamidc, 550 
Ammomalonic And, 549 
AmiuomalononiUile, 35^ 

Aminomalonyl Uiea, 444, 678 

Aminomr thane Disulphonatr, Pot.i^ mm, 434 

Amino*me thy 1 -ethyl Acetic Acid, 

Aininoraethyl Ketones, 244 

g Sulphurous Ester, 211 

Nilrosilic Acid, 439 

Aminnmothylinc Acetoacetic li^tfr, 346 

Malonic Ester, 561 

Aminon^e, 163 
Amino-octanic Acid, 394 
Amino-cenantbic Arid, 390 
Amino-olifine Carboxylic Acids 
Amino-oxy-pyrimitUne, 574 
Aminopalmitic Acid, 390 
Aminoparaldiminc, 212 
Amlnopentadlene Acid, 399 
Aminopentanol, 330 
AminopimeUc Acid, 560 
Azninopropane Diol, 333 
Aminopropanbl, 330 
AnunOpropidaaldebydes, 3 
— - Acetal, 340 
Aminopropiomc Acid, 388 
Aminoproplonltrile, sB* 

Aminopropyl Methyl Ketone, 344 
Aminopunnes. 588, 389 

— EKerivatives, 590 
Aminopyrotartaric Add, 356 
Amlno-8ec.-butyl Acetic Acid, 390 
Amiaoateaile Add, 390 


,340 


Aminosucdnlc Add, 499, 418 
Aauoosuiphoaal. 344 
Amino-lert.^butane Diol, 333 
Aminotetrahydxozycaproic Acid. 651 
Aminotetrazole, 459 
Aminotetroles, 6x6 
Aminotetronic Acid, 344 
Aminothiolactic Add, 34 1 
Amino thiopropionic Acid, 376 
Aminotic Liquor, 660 
Amino triazoles, 405, 468 
Aminoundecane, 163 
Amiuouracil, 376 
Aminourazole, 448 
Aminovaleric Acid, 389, 394 

Aldehyde, 340 

Aminozy-hydrates, Tri-alykl, 264 
Ammelide, 473 
Ammeiine, 473 
Ammonium Bases, 163, x66 

Cyanate, 461 

Cyanide, 242 

Thiocyanate, 467 

Ampelopsis kedrracra, 362 
Amygdalin, 239, 626 
Amyl Acrolein, 223 

Alcohol, 219, 220 

Acetic E-ster of Fermentation, 268 

Alcohol of Fermentation 85, 114, 180 

Glycerol Diethyliu, 53a 

— — Glycide Ether, 333 

Nitrate, 238 

• Oxalic Chloride, 48a 

Propiolic Acid, 304 

Aldehyde, 2x6 

Amylainine, 164, 263 
Amylene, 85 

Hydrate, 222 

Amylium Nitrosum, 238 
Auiylodextrin, 663 
Aniylopectin, 662 
Ainylose, 662 

Amyloxybutyl Bronijde, 3x5 
Amyloxypropionic Acid, 313, 870 
Aiuylum, 662 

Analysis, Elementary organic, 2 
Angi lie Acid, 292, 808 350 

Lactone, 398 

Angelica archangelica 260, 298 

roots, 260 

Anglyceric Acid, 339 
Anhydride of Ethionic Add, 327 
Anhydrides, Acid, 271 
Anhydro-enneaheptitol, 623 
Auhydrofurmaldehyde Urithane, 436 
Anhydro-nitro-acetic Ester, 380 
Anhydrotaurine, 327 
Anilacetoue Dicarboxylic Ester, 569 
Anilidobutyrolactam, 498 , 514 
Anilidodextrose Cyanide, 62 8 
Anilidoperchlorocrotouic Acid, 498 
Aoilidopyrotartrol actinic Acid, 537 
Aniline -acrolein Anil, 347 
Anilinocitraconanil, 567 
Anilino-dicarboxvl-glutaric Ester, 6x5 
Anilinomaleinanil, 363 
Anilinomalonic Acid, 330 
Anilinopyrotartaric Acid, 536 

Derivatives, 323, 556 

Anilinosuednimide, 49S 
Anilinotricarballylimide Esters, 593 
Anilonitroacetone. 232 
Anil-pyruvinic Acid, 409 
Anil'uvitonic Add, 409 
Animal Fluids, 492 
Anthemis nobilis, 298 
Anthracene, 96 

Antimony, Alkyl derivatives of 170 , 184 

Antipyrine, 267 

Antitartaric Add, 604 

Ants, 236 

Apiino, 619 

Apionir \ri(l 620 

Apiose, 010 , 620 
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ApocaffefqA, 591 
Apples, 351. 663 

Afua amyglaiarum mmmrafum, 239 
^ Arabmaminr, 616 
' Arabinobromal, 6x8 
Acabiaochloral, 6x8 

Arabinose, 620. 621, 363, 616, (>17. 618 , 619, 649, 
650, 65X, 660 

— — Carboxylic Acid, 624, 649, 653 
Arabmosimine, 636, 651 
Arabitol, 99, 818 , 618 
Arabonic Add, 397, 618, 6x9, 886 
Arachidic Acid, a6x, 868 
Afochis hypogcBa, 262, 300 
Argaricus muscarius, 329 
Arginine, 542 
Argol, 480. 608 

Amines, Arsenic, Boron, and Silicon denvatiTO 
of Secondary, z68 
Aromatic Hydizidet, 78 

Hydrocarbons, 83 

Arrack, 238 
Arrhcnal, z 77 , <78 

Arrhenius, Blectrolytic Oissociation Theory of, z6 
Arsenic Add, Alkyl, 176 177. 178 
■■ - — — Esters of, 141 

— — Alkyl Denvauves of, 175 
- - Oxides, Alkyl. 176 

Arsine, Alkyl, i 7 t>. 177 178, i 7 f 

■ ■ - - ■ - Sulphiuts. 1/7, 178 

— Derivatives, 178 
Araenious Acid, Dimethyl, 176 
Arsenite, Acetyl, 271 
Arseuoxide, Alkyl, 177, 179 
Aisonium Compounds 176, 177, 178 
Asparacemic Acid, 353 
Asparagiiianil, Phenyl, 511 
Asparagine, 864 , 359, 567 

Carboxylic Add, bxa 

Aspartic Acids, 499. 668 , 567 
Aspartyl Aspartic Acid, 333 

Dialanine, 536 

Asphaltum, 78 

Asymmetric Carbon Atoms, 29, 55 
Aticonic Acids, 5x6, 619 
Atomic Linking, 2X 

Volumes, 45 

Azaurolic Acid, 284 
Aaelalc Acid, 300. 506 
Aldehyde Acid, 300 

— Amide. 334 

■ ■ ■ " ■ Dithiolic Acid. 306 

— Nitrite 334 
Azide, Allophauic Acid. 443 

Carbamic Acid, 447 

Hippuryl, 392 

Azides, Acid, 278 

Dicarboxylu 332 

Azidoacetic Acid. Ilvdrazide of, 404 
Azidocarbonic Amido, 447 

Methyl Ester, 446 

Azimethyl Carbonate, 459 
Admethylene, 2x3 
Azine of Glyoxylic Amide, 405 
Azinomethane Disulphonatc, Potassium, 434 
Azocyanacetic Ester, Benzene, 3^4 
Azo^carbamidine, 438 
Azodicarbonamide, 447 
Azodicarbondiamidine, 438 
Azo^carbozyllc Acid and Derivatives, 447 
Azo-fatty Acids, 397 
Azoformamide, 447 
Azofoxxnic Acid, 447 
Azolo Add, Methyl, zyx 
Azo-isobutvromtrile, 397 
Azotetmsole, 439 

Azoxazoles, 353 . _ . 

Aiozybismethenylamidozim, 459 
> Azdoilc Add, 483 


SaciUus Midi lacti, 3^3 
— Midi tMVolaetiei, 364 

— boocopr%>%^ 239 


Bacillus efhacetieus, 53 * 

suiniin, 259 j 

tariricus, 341 *■ 

Bacteria, i^x, 652 
Bacterium, Sorbose, 341 
Baelftium oeai, 256 

lettnot 313 

Barbituric Acid, 444, 374, 676 
Barbituryl Imidoalloxan, 381 
Bassuiin, 663 
Beans, 554, *580 

Beckmann Change (Inversion, arrangement. 
Transposition), z6o, 867 , 300, 371 
Beeswax, 122, 262, 869 
Beet-Juice, 455, 573, 622 

Beet- Root, 387. 39 ®, 554 * 538 , 539, 593 » 594»6io 
638 

Beet Sugar, lex 
Behcnic Add, 261, 868 
Behenolic Acid, 804 , 507 
Behcnoxylic Acid, 304 
Benzal Hydrazine Carbonate, 446 
Lavulinic Acids, 422 

— — Semicarbazide, 447 
Benzaldehyde, 239 
Benzene, 88 

Azocyanacetic Efiter, 364 

— — Derivatives, 232, 343 
Ring* ax 

- — Sulphochloride, X62 

— Sulphoethoxypyrrolidine, 340 

— Sulphohydroxamic Acid, 283 

- -sulphone-thioacctoacetic EsUr, 543 

Sulphuric Acid, 283 

Bcnzene-azo-acetyl Acetone, 537 
Beiizil, 333 
Benzine, 78 

Benzotrimethylenc, 404 
Benzoyl Alanine, 388 
Amines, 335 

Amyl Aiuiiiomalonic Esterr 39s 

Cellulosf, 665 

Gl5[cocoll, 388 

Imincs. 335 

— Piperidiuo, 394 
Serine Ester, 540 

— ' — Triglycyl Glycine, 393 

Benzoyl Aminocapronitrilc, 393 

Benzoyl Amiuorapioic Acid Nitrile, 334 , 

Benzylic Acid, Traribformatiou, 342 

Berberis vidgaris, 55 x 

Beryllium Alkyls, 

Beta vulgaris, 387 , 

Betaine, 165. 330, 377, 383. 387 , 388 

Derivatives, 387, 389 

Aldehyde, 340 * 

Biguanide, 457 
Bi-iodo-aoetacrylic Acid, 42a 
Blip, 326, 53 <* 

Biliary Substances, 676 , 

Bilineurine, 329 
Bilirubin, 676 

Bioses, 657 ^ . 

Birds, Excrements of, 581 
Birotation, 638 , 660 
Bis-acetoacetic Ester, 546 

Derivatives, 484 bio 

Bis-acelol Methyl Alrholate, 341 
Bis-acetyl Acetone, Muthenyl, 398 
Bis-aminoguanidine, 458 
Bis-aspartic Ester, Hippuryl Aspartyl, 356 
Bis-cyanomalonir Ester, 656 
Bis-<uazoacetamide, 403, 406 
Bls-diazoacetic Acid, 405 
Bls-diethyl Agf methylene, aaS 
Bis-dimethyl Azimethylene, zaS 
Bls-hydrazmocarboxyl, 448 
Bia-methyl Alkyl Azimethylenes, aaS 
Bis-phthalimldomaloaic Ester, Alkylene, 606 
Bis-pyrazolone Derivatives, 608, 609 
Bis-trimetbyl Ethylene Nitxoaate, 343 
Bis-trlmetbylene Diimfne, 337 

Tetramethyl Diimonium Chloride. 337 ^ 

Bismuth, Alkyl Coapounda and Derivati vesof , s 79 
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Bisniphitfs, Aldehyde, 207 
Bisulphites, Ketonr, ass 
Bitter Almonds and Oil, 2|9 
Bituminous Shales, 79, 82 
Biuret, 446, 5741 > 

Reaction, 362, 446, 669 

Blood CorpuscleBssit 58 S88 
Boghead Coal, Dry Distillation of, 71 
Boiling Point, 48 

— Determination ol the molecular weight 

from the laising ef the, 14; Beckmann's 
Method, 25 
ffoletui edulxs, 661 
Botnbyx processtonea, 236 
Bone Glue, 673 

Oil, 64, 673 

Borate, Alkyl, 272 
Boric Acid, Esters of, 241 

, Ethyl, 180 

Diethyl EsUr, Diethyl 180 

Boion, Alkyl Compounds .md Derivatives of. 
180 

Derivatives of the Secondary Amines 

268 

Brain, se9i J3C, 

Brassier 301, 302 

ropa, 3*9 • 

Brassidic Acids. 2^2 Zal 
Brassylic Acid. 301, 607 
Rromacetaldehyde, 203 
Bromacetic Acids, 288 
Bromacetoacetic Esters, 420 
Bromacetol 225 
Broinacetonitrilc 388 
Bromacetoximc, 345 
Bromacetyl Bromide, 97 
Bromacctylene. 303 
Bromacetyl Urea, 442 

Urethane, 436 

Bromacrylic Acid. 205 
Bromal and Derivatives, 303, 207 
Bromallyl Alemhol, 124 
Bromamidcs, 277 
Bromanilic Acid, 224 
Bromaminuciotouic Ester, 419 
Bromethyl Aectoacrtic Ester, 420 
— Piperidine, 337 
Bromethylaminc, 332 

S romethylidinc Acetone. 349 
romhydrin, 520 
Brom hydrouracil, 574 
Bromides, Alkyl, 234 262 
Bromirnidocarbonic Ethyl Ester, 446 
Bromine, 5 ^ • 

Bromisobutyric Acid, 289 
Bromisohulyryl Bromide, 289 
Bromisocaproic E ter, 299 
Bromisocaproyt l^ncine, 392 
— Pcntaglycyl Glycine, 393 
Bromisocrojoiiic Acid, 297 
Bromisosuccinic Acid, 491 
Bromq-acctoxy-diethyl Acctoicc tic Ester, 366 
Bromjbutyl Methyl Ketones, 225, 343 
Bromobutylamine, 332 
Bromobutyric Acids, 889, 542 
Bromocaffeine, 591 
Bromocitraconic .Anhydride. si6 
Bromocrotonic Acids, 295, 304 
Brorao-dimelhyl-acetoacctic Ester, 422, 423 
Bromo-dimelhyl capioic Ester, 506 
— — -glutaric Ester, 504 
Broinoenanthic Acid, 373 
BromO’Ether, 229 
Bromo-ethyl-succinie Acid, 298 
Bromoformt 94. 203, 235, 240, 408 
Bromofumaraliiebyde, 3x7 
Bromoglucurolactone, Dlacetyl, 652 
Bromoglutaric Acids, 297, 560 

Ester, 502 

Bromoguanine, 588 
Bromoisobutyl Aldehyde, 338 
Bromoisobutyrio AcAd, 297 
Bromoisopropane, 135 
BramoUctic Add, 36S 


Bromolactose, Hepta-acetyl, 66o 
Bromolmvulinic Adds, 423 
Bioroomalic Add, 605 
Bromomalonic Dialdehydc, 535 
Bromometbacrylic Add, 807, soz 
Bromomesaconic Acid, 501, 510 
Hromomethyl Amyl Ether, 325 
Bromometbyl Furfural, 665 
Bromonitroetbane, 251 
Bromonitroform, 150, 426 
Bromonitrome thane, 161, 2x0 
Bromonitropropane, 210 
Bromonitropropanol, 344 
Bromonitro&obutane, 253 
BromooJtrosodimethyl Butane, 153 
Bromonitroso-paraffin, 152 
Bromonitrosopropane, 153 
Rromo-olefine Ketones, 229 
Biomopicrin, 252, 256, 426, 488 
Biomopropane, 135 
Bromopropiolic Acid, 303 
Rrumopropionyl Urethane, 436 
Bromoproprionic Acid, 288, 289 
Bioraopropyl amines, 331 
Hromopropyl Malonic Esters, jnf 

Methyl Ketones, 343 

Phthalimldomalonic Ester 342 

Bromopyourclde, 443 
Biomopyro tartaric Adds, 500 
Bromosucdnic Adds, 499, 500 
Bromotetronic Add, 544 
Bromotriacetonai2iine, 230 
Bromotrinitrometbanc, 256 
Bromoundecylic Arid, so 7 
Brown Coal. Dry Distillation of, 72, 79 
B’mte**? Salt, 247 
Butadiene Carboxylic Acid, 305 
Butaliyl Methyl Carbinol, 323 
Butane, 76 

Dicarboxylir Acetic Acid, 594 

Ucpiacarboxylic Ester, 656 

PentacarboxyJlc Esters, 622 

Tetricarhoxylic Ester, 613, (114 

Truarboxvlic And, 503 3‘H. *^05 

Butene Lactone Qrotolactone, 398 

Tetwcarboxylic Ester, 615 

Butenyi Hyrlioxy Tncarboxylic Lactone, 612 
Butter, 239, 2^2, 330 
Butyl, Mercury, 288 

Acetylene Arid, 261, 348 

Carboxylic Acids, 304 

Alcohol of Fermentation, 119, 264 

Alcohols, 118, 229, 652 

Aldehyde, 228, 801, 225, 324 

Carbinols, 220 

Chloracetal, 205 

Chloral, 228, 195, 808, 534 

Acetal, 203 

Aldol, 534 

Hydrate, 193, 808 

Fumanc Acid, 5x9 

Glycerol, 528 

Glyoxal, 348 

Glyoxime, 354 

— Isocyanidc, 248 

Lactic Acid, 365 

Malonic Acids, 49Z 

Mustard Oils, 470 

— - Nitramine, 169 

Pseudonitrole, 253 

Pyrrolidine, 334 

Butalanine, 389 
Buivlaraine, 470 
BuM'lamines, 164 
Butylene Glycols, 310, 814. 34I 
Hydrate. uS 

— Pentacarbovylic E^ lers 622 
Butylenes, 88 , xx8 
Butylldene Acetic Acid. 299 
Butyramide, 277 

Butyric Acid, 238, 869 
Derivatives, 289. 402. 406 

— Fermentation, 363. 365. 850, 081 

Boter, Dithloethyl, 4x9 
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Butyric Esters, 268 
ButyrotMtarce, Trimethyl, 394 
Butyroin, 310, 848 
Butyrnlactam, 393 

Phenyl, 498 

Butyrolactone, 289, 373, 874 , 497 

Derivatives, 374. 375. 39«. 495 

Carboxylic Acids, 530, 551 

Dicarboxylic Ester, Dimetl.y*. 6ia 

Butyrone Oxime, 227 
Hutyronitrile, 280 

Butyryl Acetoacetic Methyl Ester, 419 

Cyanide, 400 

Formic Acid, 408 

Halides, 271 

Buty^l Isobutyl Arctic Ester. 548 

Pyroraccmic Est»T, 547 

Butyryl Glutaric Acid, 570 


Cacao Butter, 262 
Cacodyl, 176, 178 , 179 
— Derivatives, 177, i78 

Oxide. 176, 177 . 178 

Cacodylic Arid, 17b, 178 
Cadaveriiie, 331, 834 , 542 
Cadet's fumms ar<>.'nical liquid, 176 
Cadmium, Alkyl Derivatives of, 187 
Catfeidine. 501 

Carboxylic Acid, 591 

Caffeine. 387, 572, 580 

Derivatives, 591 

Caffolin, 591 
CaiTuric Acid. 591 
C'alcium Cerblde, 67, 88 , 97 

Cyanamlde, 457, 471 

Ethoxide, 117 

Ethyl Iodide, i8h 

Malcite, Fennenlnlion of 492 

Calculi, 480 588 
Camomile Oil, Roman, 120 
Campholinc Acid, 424 
Camphor, 495, 594 . 652 
Camphoric Acid, 493, 

Camphoronic Acid, 495, 594 
Camphorphoronc, 229, 502 
Canarme, 468 
Candles, 264, 527 
Cane SuRar. Sm Sucrose 

Inversion nt, 266 

Cannel Coal, Dry Distillation of, 71 

Caoutchouc, 91 

Capnc Acid, 261, 268 , 30X 

^ter, 268 

Aldehyde, 201 

Caprilonitrile, 281 
Capnnonc, 223 
Caproic Acid, 261 
Caprom, 310 

Caprolactam, and Derivatives, 396 
Caprolactone*., 374 375 , 557 , 620 
— — Derivatives, 560, 607 
Capronamidr, 278 
Caprone. 223 
Capronou'. 314, 842 
Caproyl Acetoacetic Ester, S 4 t 

Chloride. 271 

Caprinamide, 278 
Caprylamine, 278 
Caprvlic Acid, X22, 241 
Capryl Ketoxime, 127 
Caprylone, 223 
Caramel, 659 
Carbamlc Acid, 485 

Derivatives, 436. 437, 445, 447 

Esters, 428 

— r— — Sulphur-containing Derivatives of, 448 

— 1 - Ethyl’ lister. Methyl, 436 

Hydrazide, 447 ^ 

Carbamide. Diozalacatic Ester, 568 
Carbamide Imidaaide, 45S 

Oxime, 448 

Carbamades, 43S 


Carbaraidocyanotriazene, 447 
Carbamido-etbyl Alcohol, 440 
Carbaiuidohvdrazo^:etic Ester, 447 
Cfirbamidg-malonyl-urea, 378 
Carbainidopropionate, 443 r 
Carbainiiie-ihiolic Acid, 448 f 
Carbainmo'carboxylic Acid, 393 
Carbamyl Tbiocarbamyl Hydrazine, 45 1 
Carbazide, 447 

Carbazone, Acetoacetic Ester, 447 
Carbimides, Alkyl. 461, 464 

of Aldehydo- and Keto-monocarboxyiic 

Acids, 572 

— — of Dicarboxylic Acic^s, 575 
Carbimidoisobutyric Acid, 443 
Carbiminodlacetic Acid. 462 
Carbmol, loi, 189 
Carbiuolates 204 

Carbilhionic Acids. Dithioiiic Aclils 
Carbodiazide, 447 
Carbodiimide, 471 

Derivative, 472 

Carbodimethyl Methene, 473 
Carbocthyl Methene, 475 
Carboethylidenc, 475 
Carbohydrates, Osh 
Carbohydrazides, 44^448 
Carbohydrazidine, 486 
Carboisopropylenc, 475 
Carbolthionic Acids, 273 
Carbomethane, 475 

Carboxylic Ester, Acetal of 489 

Carboraelhenes, 474 
Carbomethoxy Glycine, 437 
Carbomethoxy-/ 3 -ainidopropinnic Ester, 498 
Carbomethyl Methane, 475 

Cartion Compounds— ^nslitiition Early 
theories; diialistic theory of Bcizelms; 
chemical-radical theory; unitaiy theory; 
equivalent, atom, and molecule, 18 ; theory of 
Gerhardt, 19 ; recent views, 20 ; theory of 
atomic linking, or the strucftiral theory*, ii : 
recent views, 27 ; nomenclatuic, 42 ; physical 
properties ; crystalline form 43 

Classification of, 68 

Carbon, Determination of, 3 
Dirarbonyl, 488 

Dioxide, 67, 114, 237, 238. 256. 425. 582 , 

48X 

Disulphide. 67, 219, 431 , 433 ’ 

Monosulphide, 247 

Monoxide, (13, 64, 67, 236, 237, 247 , 256, 

426, 481 

Cleavage, sfiO 

Potassium, 247 

Oxychloride. 430 < 

Oxysulphide. 431 

Suboxide, 230, 475, 488 

Tetrabromide, 426, 429 . ^ 

Tetrachloride, 71, 95, 288. 426, 489 

Tetrafluoride, 66. 94, 426, 42 b 

Tetraiodide, 42b. 429 

Carbonate, Benzalhydrazine, 446 

Carbon-dithiolic Acid, 432 

Carbonic Acid, Amid'* Derivatives of 433 

Chlorides of, 430 

Esters, of, 427 

Guaneides of, 457 

Hydrazine-, Azine-. and Azldo-deiiva 

tives of, 446 

Hydroxylamine Derivatives of. 448 

Sulphur Derivatives of Ordinary. 431 

Derivatives, 425 

Carbonyl, Iron, 247 

Bromide, 431 

Chloride, 430 

Diacetoacetic Ester, 621 

Dimethyl Urea. 445 

Dithioacetic Acid, 434 

Diurea. 445 

— - Diurethane, 445 

Nickel, 247 

Carbopfopylidene, 473 
Carbotbiaoetonlne, 452 
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Carbotbialfline, 450 
Carbothiolic Acids, 273 m 

Esters, 274 • 

Carbovalerolactonic Acids, 5 S 1 , 560 * 
Caibovalerolactamic Acid Nilnie, 559 
Carboxalkyl SuliAocarbaniide, 

Carboxethyl Aceftacetic Ester. 419 
— Alanine, 437 

Glycims, 437 

Glycyl Glycine Ester, 437 

Hydroxyciotonlc Ester, 4 19 

Isocyanate, 445, 468 

Oxalacetlc Ester, bi2 

Thiocarbimide, 471 

Carboxyealaclonic Acid, 652, 655 
Carboxyl Cyanides, 409 

Dimethyl Acrylic Acid, 571 

Carboxylic Acids, 100, 232, 3^2 

Alkvl Sulphidi', 3/0 

Hydroxysulphine, 377 

Mercaptal, 376 

Mercaptol, 37b 

■ — Saturated, 207, ^76, 592, ^13. 656 

Sulphone, 377 

Unsaturated, 290, 507, 594, 615, (.22 

Carboxytartronic Acid, 607 

Carbyl Sulphate, 82, 326, •827 

Carbylamines, 158, 163, 236, 241, 242, 247 , 276 

Carbyloxime, 248 

Canca pipaya, 077 

Carnauba Wax, 269 

Carnaubic Acid, 677 

Carnine, 592 

Carob Tree, 259 

Caronic Acids, 504 

Carotin, 676 

Cartilage Gelatin, 673 

Casein, 390, 540, 512, 672 

Castor Oil, 262, 299, 302, 506 

Beaus, 264 

Catalytic Keaa#ious, i 27 j 185, 266 
Cellubiuse, 664 
Celluloid, 665 

Cellulose, 218, 222, 480, 625, 632. bjO, 657. 24 '. 

064 

Acetonitralc of 665 

Acetyl, 065 

— — Dry Distillalirm of, 218 222 
— Formate, 665 

Hydrate, 664 

Reserve, 631 

Sulphite, 664 

Ceratonia sitxqua, 259 , 

Ceresine, 79 

Ccrotate. Ceryl, 269 

Cerotic Acid, 122, 261 262 , 269 

Ccrotin, 122 

Cervical Ligament, 390 

Ciryl Alcohol, 122, 262, 269 

Ccrtatfie, 269 

Cetaccuui, 268 
Cetene^82 

Cetraria islandica, 662 
Cetyl Alcohol, 82, 122 , 268 

Bromide, 135 

Cyanide, 281 

Ester, 262 • 

Iodide, 136 

Malonic Arid >49 x 

Cheese, 631 

Chelidonic Acid, 482, 561, 37 '* C 2 l 
Chenocholic Acid, 677 
Chinese Wax, 122, 262, 262 
Chinovine,.6i9 

Chinovose, Vx9 • 

Chitaric Acid, 650 

Cbitin, 636 

Chitonic Acid, 630 

Chitosamine 636 

Chltoso, 667 , 650 

Cbloracetal, 337. 339 

Chloracetaldebvde, 203 

Chlorpretoacetfc Esten, 430 

Chl^racotol, 223 


Cbloracetoxfmn, 345 
Cbloracetyl Alanine, 392 

Aspartyl Chloride, 536 

— Carbinol, 534 

Cyanoacetic Ester, 607 

Diglycyl Glycine, 393 

Glycyl Glycine. 392 

Urea, 44Z 

Urethane, 436 

Chloracetylene, 303 

Chloracrylic Acids, 294 

Chloral. iz8, 201 , 204, 230, 3CS, 429, 334, 652 

Acetyl Acetone, *><^0 

Chloride, 207 

Acetone, 842 , 425 

Alcohate, 204 , 369 

Aldol, 534 

Butyl, 203 

Hydrate, 203 

Cyanbydrin, 379 

Diacetate, 207 

Dimethyl Ethyl Carbiuolaie, 204 

Formamide, 239 

Hydrate, 195, 202, 204 

Mydroxylamine, 213 

Oxime, 213 

Urethane, 436 

Chloralacetamidc, 277 
Chloral-ammonia, 2x2 
Chloralic Acid, Urobutyl, 652 
Chloralide, 202, 294. 888 
Chloralides, 369 
Chloralimides, 2x2 
Chlorallyl Alcohols, 124 
Chloralose, 634 

Chloraminocro tonic Ester, 419 
Chloranilic Acid, 224, 340 
Chlorethane Tricarboxylic Ester, 59a 
Clilorethers, 129 
Chlorethyl Acetate, 323 

Imidoformyl Cyanide, 185 

Ketones, 342 

Methylamines, 331, 33 ^ 

Sulphonic Acid, 326 

Chloride, 326 

Chlorethylainine, 331 
Chlorhydrins, 84, 319, 368, 628 
Chlorides, Alkyl, 134 

Amide, 281 

Imide, 281 

Chlorine, 5 

Chloroiodofumaric Acid, 5x5 
Chlorimidocarbonic Ethyl Est< r, 446 
Chlorisobutyl Methyl Ketone. 225 
Chlorisocrotonic Acids, 290, 297 
CbJorisonitrosoacetone, 409 
Cbloro-amino- propionic Acid, 541 
Chloroaraylamine, 331 
Chlorobromomaleic Acid, 315 
Chlorobutane Heptacarboxyli* E^t^ r, 656 
Chlorobutylaldehyde, 203 
Chlorobutylamines, 331 
Chlorobutyric Acids, 203, 289, 374 

Nitrile, 289 

Chlorocaffefne. 591 
Chlorocarbonic Amide 438 
Ester, 430 

Chlorocarbon-thiolic Ethy Ester, 434 
Chlorocaseln, 672 
Chlorocitramalic Acids, 605 
Chlorocitric Acid, 622 

Chlorocrotonic Acids, 34, 295 j 8 B6, 297 304. 4'b 
Chlorocyanogen, Solid. 4^6 

Chloro-dimethoxy-propionic And. st 4 • 

Chlorodithiocarbonic Ethyl Ester, 434 
Chlorodithiolactic Acid, 541 1 

Chloroethoxybutane, 3x9 
Chloroform, 72, 94 i **** * 35 » 846 , 129, 510 

Acetone, 222 

Methyl, 284 

of Crystalliration 24S 

Chlorofiimaric Acid .,4oS 
Chloroglutaconic Acid, 880 50 f 
Dialdehyde, 347 
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Chloxoglutane Acid, 608 , 559 
Chloroguauine, 588, ^^89 
Chloroh8t>tylamme, 331 
Cblorobexylamme, 33: 

Chlorohydracrylic Acid, 339 
Cblorohy Iroxybutync Ebtcr, 420 
Cblorohydroxyisobu lyric A(.id Nitnlc i79 
CbloTohydroxyisovaicnc Acul, ^40 
Cbiurobydroxypropi >incetal, 334 
ChloroioJofumanc Acid, 3x5 
Chloroketones and Derivatives 228 340 
Cbloioketostcanc Acid 424 
Chlorolactic Acid, 868, 332 ^ > 1 
Chlorolactone, Hepti acetyl 1 
Ctaloroina)ic Acid and Cstei Cu3, 606 
Cbloromalonic 1^1 aldehyde 315 
Cbloromaltose, IKpuct tvJ, 6 di 
C bLorometbyl Ethci, 127 

Furfural 663 

Cbloronitrobutanol, 344 
Chloronitroethaue, iji 
Cbloromtromc thane , 151 
Cbloromtcopropaui 153 
Chloronitropropiii t44 
Chloronitrosof thaiu 158 2x3 
Cbloronitrosopiraliiu 132 
ChloxonitrosopropniK , 133 
Chlorophenylliydf-izido acetic Ester, 486 
Chloropbosphines, Alkyl, 173 
CnloTopbyll, 674 
Chlorophyllan, 673 
Chloropicrm, 152, 164, 247, 426,488 
Chloropropiolic Acid 303 
Chioropropionacetal 338 
Chloropropionaldehyde, 213 
Acetal, 215 

Chloropropionic Acids 203, 288 320 

Aldehyde 203 

Chloropropyl Dimcthylamine 331 337 

Alcohol, 3x9 

Chlorupyrotartanc Acids 300 
Chlorosuccinic Acid, and f sn r, 109 bi'* ^>22 
Chlorosul phone Acetyl Chloride 377 
Clilorotheophylline, 590 
Chlorothioncarbomc Ethyl Ester, 4-^4 
Chlorovalerolactone, 423 , 399 

Carboxylic Ester. 599 

Chloroxalethyline, 484 
Chloroxalomethyline, 484 
Chloroxe those , 129 
ChlOToxiinido acetic Ester, 486 
C holalic Acid, 676 
Cholestenc, 677 
Cholesterol 676 
Cholestrophane, 373 
Cholic Acid 326 
Choline 829 387 530 53 1 
Chondntin 672 
Chondioglucoprotelns 67a 
Chortosteiol 677 
Chromate, Acetyl, 271 
Chromopseudomeiism, 41 
Cbrysean 4S6 
Cinehomt ionic Acid, 6x2 
Ctnchonei 619 
CxnchoM Acid, 571, 618 
Cinene, 9X 
Clneolic Acid, 606 

Anhydride 232 

Cistrans Crotonic \t > ’ »o 7 
Citrabromopyrotart u ' ( id 500 
Citracetic Acid, 595 
Citrachloiopyrotartaric Acid, 2 17 300 
Citraconanil, 3*6 
Citfaconanilic Acid, 3x6 
Citraconic Acid, 34 . 7 B, 89, 407, 616 , 3x6 

Alkyl, 408, 3x8 

— Anhydrides, 816 618 On 
Cltradlbromopyroracf mu Acid 297 
Citradibromopyiotaitaric Acid, 301 

Citral, 215 , 23 * 

Citramahe Acid, 538 
Citramide, 6x1 
Citraxinie Acid 595 f 8li 


Citnc Acid, Dry Distillation of, axl 

— Fermentation, 631 

— Aads, 222, 2a7 516 368, 810 , 611 
Cxtromycetes glabei 6zo 
LttromyMes pfeffirxanuSt 610 
CiiioneUai, 213 ** 

— Acetal, 402 

Cl isbihcation of the Carbon Compounds, 68 

( oagulated Proteins, (>69 

( ual. Dry DistiJlaiion of, 7z, 79 

Coca Alkaloids, 342 

Coicus certferus 209 

CocMearxa officinalis, 164, 470 

Cocoa Beaus, 389, 390 

Cocoanut Oil, 261, 262, 064 

i od livtr Oil, 300 

Colfce Tree, 390 

Colic me, 5QO 

Collidine, 2x5, 339 

Colour, 51 

Combination of Cat bn 1 with other Elements, 1 he 

Direct, 65 

Combustion, Heal of, 60 
Lontmon centaury 93 
tom' nsation Ri iciiotis, 197 
t o II activity, Electric, 38 
i o nferm, 626 
Coiiimc, 424 * 

Coiivicm, 380 
Convolvulm, 260 ^19 
Conylene, 90 
Copper Fulminate, 230 
Copim, 344 
Cork, 306 
Uiin-cobs, 619 
Cotton Seed Meal, 66x 

Seeds 3^7 

Cotton wool 657, 0^4 

Coumalic Acid 399 401 405, 661 

Coumalin, 309 

Cianberncs 610 

Cream of Tart ir 603 ^ 

Creitine, 1O4, 387, 455, 466 

CiLaiininc, 4^6 

t remor tartan, 603 

Cre otu Acids o, m , and p , 506 

CtobSUtVifie 551 

Ciotun Oil 259 

Cfoton tiglium 298 

Croiouil ammonia, 215 , 

Crotonaldehydi 203, 216 312 338, 561 
r yanhydnn, 397 

Crotonic Acids 34, 215, 292, 205 296, 379, 408 

Aeid, Ihioethyl, 419 

Anilide, 298 “ 

Crotonyl Alcohol, 124 

Peroxide, 296 ' 

Crotonylene, 89 
Crystal lens Globubn, 670 
Crystalline Liquid 47 
Crystallites, 54 » 

Cucumbers, Pickled, 362 
Cumin, Roman Oi of, 298 
Curare, 344 
Cui rants, 6x0, 663 
Curtius Biuret Ba c 392 
Cyamelide, 43 * 680 46X 
( yanacetaldchydc 354 401 
Cy inacetamidc 443, 480 
Cy macetic Ester Ari lyl, 56-^ 

Cyanacetoacetic Enters, 664 , 370 
Cyanacetone, 354 4 ie 
Cyanacetyl Acetonr, 347, 564, 399 

Urea, 376 686 

Hydraxide, 489 

— Acid, 268. 488 
Cyanaconitic Fstor, 6x3 
Cyanamide, 430 451 . 453 . 455 . 458, 471 
Cyanamidodicarooxylic, Acid, 445 
CyananiUne, 486 

Cyanacetone Dicarbozyllc Ester, 6x2 
Cyanacetyl Dimethyl Uiea, 390 
Cyanamlaodithiocarbonic Acid. 467 
Cyanammoiiiiiin Bromide, Txialkyl, 472 
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Cyanethenylamidoxlme, 489 
Cjranethines, 980 
Cyanetliolines, 46X « 

Cyanhydrins, 197, aax, 240, 

Cyanic Acid, 249. 469 

— Salts, 46f 

Cyanides, 24X 

, Alkyl, 278 ♦ 

Cyanimidocarbonic Acid Ethers, 483 
Cyanimidodicarbonic Ester, 445 
Cyanimidodiisosuccinic Ester, 4S8 
Cyanimidomethyl Acetyl Acetone 330 
Cyanisonitrosoacetamide, 251 
Cyanisonitrosoacetobydroxamic Acid, 244 
Cyanacetic Ester, Chloracetyl 607 
Cyanmnitic Ester, 6x3 
Cyan&arbonic Esters, 483, 484 
Cyanodiamylamine, 472 
Cyano-dimethyl'acetoacetic Esici, 559, S79 

— Glutaconic Ester, 32 x 
Cyanodimetbylamine, 473 
Cyanodipropylamine, 472 
Cyanoform, 592 
Cyanoformic Esters, 405, 484 

Cyanogen (Dicyano^n), 64, 239, 24X \ 

488 

Bromide, 64, 468 

Chloride, 250 485 • 

— — * Iodide, 465 

Sulphides, 467, 468 

Sulphur Compounds of, 466 

— Triselenide, 467 

Cyanoglutaric Esters, 393 
Cyanoguanidine, 457 
Cyano-isopropyl-glutaric Mono>ester, 503 
Cyano'keto'pyrrolidone, O07 
Cyanomalonic Ester, 392 
Cyanomethazonic Acid, 380 
Cyano-methyl-glu laconic Ester, 32 x 
Cyanopropionacetal, 340, 402 
Cyanopropionic Ester, 481 , 49S> 5^3 
Cyanopropyl Phthjdimidornalonic 560 

CyaiforthoformiQ Ester, 483 
Cyanosuccinic Ester, Methyl, 592 
CyanO'tetramethyl-glutaric Ester, 504 
Cyanothloformamide, 486 
Cyanotriazene, Amino-imino-methyl, 459 
Cyanotricarballylic Ester, Dimethyl, 014 
Cyano-trimethyl'glutaric ESter 504 


Cyanourea, 445 
Cyanozimidobutyric Acid, 346, 568 
Cyanuramine Chloride, 474 
— Dichloride, 474 

Hydrides, 474 . 

Cyanuraminoethylaminc Chloride, 474 
Cyanuratc, Tri-sodium, 461 
Cyanurodiairifhe Monochloride, 474 
Cyanuroethylamine Dichloiide, 474 
Cyanuromethylamine DichIori<lo, 474 
Cyanutamidc, 473 
Cyanuric Acid, *88, 583 

— , Amiaes of, 473 

Cyanurometoylsmh^c-cthyiaminc Chloride. 474 
Cyanuric Aeid, Dimethyl, 464 

Bromide, 466 

Chloride, 488 , 47*1 473 

Halides, 465 

Iodide, 466 • 

— Triacetate, 463 

Tricarbonic Ester, 469 

Triurea, 465 

Cyclic Esters, 371 
— — Sulpbinates, 377 
Cyclodiacetone Peroxide, 224 
Cycloketones, 304 

Carboxylic Acids. 303 

— — Derivatives, 221, 230 
CydoparafRns, 80 

Carboxylic Acid**, 508. 613, 6x4 

Cyclopentene Aldehyde, 348 
Oxonide, 402 

Cvclotriacetone Peroxide, 224 
Cysteine, 378, 541 
Cystelnic Add, 34 > 

VOt. I, 


Cystine, 390, 340. 541, 66y 

, Diglycl, 543 

Cystinuria, 333, 34 
Cytosine, 373i 874, 672 


Daucus catofa, 676 

Decane Dicarboxylic Acid, 322, 607 

Dccametbylene Diamine. 333 

Glycol, 315 

Imines, 333 

Decenyl Glvcerol Dimethylin, 332 
Decyl Alcohol, X07 
Decylic Add, 262 
Decylenic Add, 299 
Dehydracetic Acid, 270, 4x7, 475, 69 I 

Derivatives, 369, 599 

Dehydrocbloralimides, 2x2 
Dehydromucic Add, 633, 854 • 

Dehydro-un decylenic Acid. 888 , 304 
Dekametbylene Diamine, 334 
Density, 43 
Desmotropy, 38 
Desoxalic Add, 62 x 
Dcsoxycaifelne, 388. 581 
Dcsoxyfulminuric Acid. 231, 664 
Desozyguaninc, 388 
Desoxyheteroxanthine, 388, 680 
Dcsozyparaxanthine, 388 
Desoxy theobromine, 389 
Desoxytheopbylline, 388 
Desoxyxan thine, 388 
Determination of Carbon, 3 
of Hydiogen, 3 

of Nitrogen, 6 ; Dumas* method, 6; 

Kjeldahl’s method, 8 Will and Varxen trap’s 
method, 7 

of Phosphorus, 8 

of Sulphur, 8 

of the Halogens, 8 

of the Molecular Weight by the Chemical 

method, xo ; from the vapour density, xx ; 
Victor Meyer’s method, 12 ; of substances 
when in solution, 13 ; by means of Osmotic 
Pressure, X3 ; plasmolytic method, 13 ; from 
the lowering of the vapour pressure or the 
raising of the boiling-point, 14 ; Beckmann’s 
method, 15 ; from the depression of the 
freezing-point, 15; Beckmann’s method, 17; 
Eykmann’s method, 17 
Dextrin, XX3, 625, 632, 649, 660, 661, 668, 664 
Dcxtro-com pounds. Set Gluco-compounds 
Deztroheptose, 637 
Dextrolactic Acid 364 
Dcxtronic Acid, 649 
Dextrosamin^ 636 
Dextrosaminic Acid, 636, 637 
Dextrosaminozime, 637 
Dextrosazone, 629, 688 

Dextrose, 1x3, 341, 363, 534. 620. 623, 624,630 
888 , 636, 649, 653. 6&m, 6 Cu, 6C/3 
— — -Acetone Compounds, 634 

Anilide. 628 

Benzyl Mcrcaptal, 634 

Carboxylic Acid, 651 

Substituted, 633, 634 

Dextrosiffline, 636 
Dextrosone, 633 
Deztroso-oxime. 634 
Dextrotartaric Acid, 603 
Diacetic Acid, Malonic, 6x4 

Sulphonc, 377 

— — Ester, Dibromacetone, 571 
— Succinic Ester, 351 
Diacetin, 530 
Diace toacetic Ester, 347 
Diaretoadipic Acid, 609 
Diacetobutyric Methyl Ester. 548 
Diaceto-dimethyl-pimclic Acid, 610 
Diacetofumaric Acid, 610 
Dlacetoglutaric Acids, Esters, 609 
Diaectohydrazine sym., 278 
Diacetoisobutyric Ester, 548 
Piaeetonansine denvUives ox, 230 

2 Y 
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Diftoetone, Adonitol, 616 

— AVabinose, 618 

— Alcohol, *30, 848 

Alkamiae, 330 

Arabitol, 616 

Dextrose, 634 

Dulcitol, 624 

Hydroxylaminc, 831, 343 

Oxalyl, 597 

Diacetopropionic Esters, 548 
Diacetosuccinic Acid, 609 
Diacetoxymaloaic Ester, 563 
Diacetyl Acetoacetic Ester, 355, 508 

Acetone, 537 

Acetylhydrazone, 355 

Aldol ox, 397 

— Bromoglucurolactoac, 65a 

Butane, 332 

Creatine, 456 

Cyanide, 409, 550 

Diaminosuccinic Diethyl E'.ter, 605 

Diamtnovaieric Ester, 055 

— Dibydrozyacetic Acid, 400 

Dihydrozymaletc Acid, oof) 

Diiminoadipic Ester, 417, 658 

Diketoadipic Acid 655 

— = — Diozime, 354 
— — Isosacchanc Ester, 655 
Mannosaccbarolactone, 653 

— — Mcsotartaromtnle, 605 

Orthomtric Acid, 156 871 

Osazoncs, 356 

Pentane, 352 

Pentane Dioxime, 353 

Propane, 353 

Pyroracemic Acid, 599 

Racemic Anhydride, 602 

Setnicarbazone. 355 

Succinic Acid, 609 

Tartaric Acid and Derivatives, 602, 604 

Anhydiide, 565 604 

Urea, 442 

Diacetyleue Carboxylic Acids, 323 

Glycol, 316 

Ethane, 3SI 

Ethylene Diamine, 333 

Glutanc Estn, 33a 

Peroxide, 2/3 

Diace tylene*^, 91 
Diacctylhydrazone, 3s S 
Diacipiperazine, 391, 302, 541, 543 

Diacctainide, 555 

Diacetic Ester, 555 

Dialanine, Aspartyl, 556 
Dialdan, 338 
Dialdchydcs. 30O, 346 

NitroRrn-fimlaining derivatives of the, 353 

Dialkyl Acetic Acids Ureides of the 442 

Arsine Derivatives, 177 

— — Ethyl Esters, 366 

Glntaric Acids, 502 

Hydantoms, 443 

Hydrazines, 169 

Hydroxy-Acids, 369 

— — Nitramincs, 100, 170 

Peroxides, lag 

■ ■■ Phosphinie Arlds, 174 

— Pjrrrodiazoles, 278 

Sulphocarbamic Cliloridcs, 434 

Thiocarbaraic Arid Chloride, 430 

Thiodiazoles 278 

Ureas, 170. 440 

Dlalkylamine Sulphonic Acid, 159 

-! Oxychlorophosphines lOS 

Walkylamino-acetonitriics 3 88 
Dtalkylamlno-acryllr Esters. 420 
Dlalkylaminochlorophosphines 168 
Dialkylaminosulphochloropho«<phines, 1 68 
DIalkylene Dilmlnes, 336 
DIallyl. 81. 397 ^ . 

— — Aootle Acid, 306 

— Acetone, 223 • 355 

_ Butyrolactonc. 399 

Cwblnoli. X33 


Diallyl Malonic Acid, 818, spf 
— — Sulphocarbam'de, 432 

Tetrabromidj), 91 

Ujfeao, 440 ^ 

Diallylin, 531 • 

Dialuramide, 378 
Dialuric Acid, 444, 577 a 
D iamide, 169 

Diamido*ozalic Ethers, 486 

Diamidopyrazole. 489 

Diamines, 153 

Diaminoacetic Acid, 402 

Diamiiioadipic Acid, 606 

Diaininoazelaic Acid, 606 

Diaminobutyric Acids, 342 

Diaminobutanc, 888 

Diaminocaproic Acids, 303, 334, 648 

Diaminodiethyl Sulphone, 331 

Diaminoethyl Disulphide HydrochlOride, 331 \\ 

Ether, 330 

Diammoguanidine, 459 
Diaminohexanes, 333, 334 
Diaminobydrocyanuric Acid, 474 
Diaininomalouainidc, 563 
Diaminononane, 334 
Diaminooctane, 334 
Diaminopentanc$,3j^3, 334 
Diaminopmiulic Acid, 606 
Diamino propanol, 533 
Diaminopropionic Acid, 542 
Diaminopropionyl Diaminopropionic Ester, 342 
Diaininopyrirnidine. 584 
Diaminoscbacic Acid, 334, 606 
Diaminosubcric Acids, 334, 606 
Diaminosuccinic Acid, 605 
Diaminosul phonal, 331 
Diamino -tribydroxy-dodecanoic Acid, 67a 
Diaminouracil, x, 3, 586, 588, 590, 391 
Diarninovalcnc Acid 542 
Diamylene, 83 
Dianilido-oxalic Ether, 486 
Dianilinoinalonic Ester, 563 * 
Dianilinonitropropane, 533 
Dianilino-prnpanol, 533 
Dianilinosuccinic Ester, 605 
Diars'ne, Tetralkyl, 176 
Diastase, X13, 658, 660. 661, 663. 677 
Malt, 660 

Pancreas, 658 

Diazoacetic Acid and Ester, 169, 408, 4i9,< 309 
Diazoacetoacetic Ester Anhydride, 543 
Diazoacelyl Glyciiiainide, 404 • 

Glycine Ester, 403 

Glycyl Glycine, ‘403 

Diazoaminonie thane, 169, 171 
Diazobenzene Sulphonic Acid, 194, 

Diazocallcinc, 391 
Diazomino'parafhns, 169, 171 
Di.'izo Compounds, Alkyl, 170 
I^iazoethane Sulphonate, Potassium, 170 
Diazoethoxane, 138 * 

Diazoguanidine Cyamide. 459 
Diazoimides, Alkyl, 171 \ 

Diazoisoraproic Ester, 410 
Diazomethane, 167, 169, 197. 818. 41 5, 4O0 

Disulphonate, Potassium, 454 

Diazoparaffins. 21.3 
Diazopiprrizine, >543 
Diazopropioiiic Esters, 4x0 
Diazosuccinamide Methyl Ester, 567 
Diazosuccinic Ester, 607, 605 
Diazotetronic Anhydride, 545 
Dibarbituryl Methylamine, 378 
Dibenzai, Pcntaerythritol, S97 

Carbohydrazide, 447 

Carbohydrazldlne, 486 

Dlaminoguanidine , 439 

Dulcitol, 624 

Dibenzoyl Ethane, 495 
— — Ethylene Diamine, 322 
Dibromacetaldehyde, 87, 801. 347 
Dfbromacetlc Acid, 888 . 309 
Dlbromacetoacetlc Esters, 480, 344 
Dllncomaeetone, 348 
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Dibiomadfttone Oiacetic Ester, 571 
Dibromacetyl Bromide, 97, B|8 
Dibromacxylic Acids, 896 , 429 
Dibromadipic Acids, 606 
Dibromethyl Ketol,*536 
Dibrornhydrins, 529 
Dibromisobutyric Aftid, 297 
Dibromisoheploic Acid, 423 
Dibromobarbituric Acid, 576, 678 
Dibromobutdiie, 323 
Dibromobutene Lactones, 398 
Dibromobutyl Ketone, 225 
Dibromobu lyric Acids, 288 , 296, 297 
Dibromobutyronitrile, 297 
Dibromocrotouic Acid, 897 , 304 
Dibromodi acetyl, 349 
Dibromodifthylamine, 331 
Dibromofluu^acctic Acid, 288 
^bromogluTaric Acids, 502 
Dibromoglyozime Peroxide, 250 
Dibromohexane, 323 
Dibromokctoues, 225 
Dibromolavulfnic Acid, 423 
Dibromomaleic Acid, 616 , 606 
— - Dialdehydp, 347 
Dfbromomalonio Acid and Derivatives, 489 
Dibromomalonyl Urea, 579 • 

Dibromomethane Diethyl Sulpbon", 434 
— - Methyl Ethyl, 225 
Dibromomethyl Ether, 207 
Dibromonitroacetonitrile, 250 
Dibromonitromethane, 161 , 247 
Dibromopentanes, 90, 321, 323 
Dibromoiumaric Acid, 515 
Dibromopiinclic Acid, 306 
Dibromopropionic Acids, 213, 289 , 318 

Dibromopropylene, 90. 124 
Dibromopyro tartaric Acids, 501 
Dibromopyruvic Acid, 408 
Dibromostearic Acids, 30X 
Dibromosuccinic ^cid, 600 , 508, 560, 604 

Aldehyde, 347 

Dibromotetronic Acid, 344 
Dibutyryl, 216 , 349 
Oicaproyl, 350 

Dicarboxyaconitic Pcntamcthyl ICs'i-r, 622 
Dicarboxycyclohexcnoiio Acetic Ester, 320 
Dicarbnxyglutacouic Ester, 501, 016 
Dicuboxyglutaric Ester, 613 
Dicffboxylic Acids, 306, 310, 371 . “US 

Sulphur Derivatives, 37(1, 377 

• Azides, 332 

Oxides, Higher Ketone, s 7 « 

Dicarboxy-mcthyl-tricarbSlIylic Eatfi. 622 
Dicarboxytricarboxylic Acids, 622 
Dicarboxyvdlcrolaclone, 612 
Dichloracetal, 201, 203, 205 
Dichlorac^taldehydc. 87, 203 , 34?! 3^8 
Dichl«racetic Acid, 287 , 309 
Dichloraceto acetic Esters, 224, 420 
Dichloracetone, 284 , 348, 329, 534 . 
Dichloracixlic Acids, 295 
Dichloradanine. 388 
Dichloral Peroxide Hydrate, 204 
Dichlorethers, 189 , 205, 319, 338 
Dichlorethyl Alcohol, 117 , 337 
Dichlorhydrins, 123,1924, 689 
Dichlorisobutyl Keione, 225 
Dichlorisopropyl Alcohol, 338 
Dichlorobutene Lactone, 398 
Dichlorobutjfric Acid, 888, 296 
Dichlorocrotonic Acids, 297 , 304 
Dicblorohydantoln, 442 
Dlchlorohypoxantbine, 588 
DichloroketoneS; 225 
Dichlorolactic Acid, 368 

DichloromaleTc Acid and Derivatives, 614 , 606 
Dichloromalein Anil and Derivative'., 4 '^^. Soi> 

— ^^Dianil, 3*4 

Dichloromalelnlmide, Derivatives, 497* 5^4 
Dichloromalonic Acid, 489 
Dicbloromethaae. Methylene Chloride 
«— Monnsulphoalc Acid, 247 


Dicbloromethaae, Substituted, 225 
Dicblorometbyl Alcohol, 247 

Ether, 111, 127 , 887 

Dichioromethylal, 205 
Dicbloromoiiacetiii, 530 
Dichlorumuconic Acid, 322 
Dichloronitrosoc thane, 153 
Dichloropentane, 321. 888 
Didiloroplnocoline, 348 

Dichloropropane, 136 C 53 ^ 

Dichloropropionic Acids, 888 / 394 t 895 > 4 ^ 7 , 5x8, 
Dichloropropyl Methyl Ketone, 89 
DichJoropropylcne, 124, 203, 2x3 
Dichloropuriue, Methyl, 390 

Oxy-, 587 

Dichlorosuccinic Acid, 500 
Dichloroxalic Esters and Derivatives, 482 
Dicyanacetoacetic Esters, 564, 008 . 618 
Dicyanacetyl Acetoue, 599 
Dicyandianiide, 453, 467, 472 
Dicyandiamidinc, 437 
Dicyanisovaleric Ester, 393 
Dicyanoacetoacetic Maionic Ester, 633 
Dicyano-bis-acetoacctic Ester, 633 
DicyanO'bis-acetyl Acetoue, 647 
Dicyano-bis-malonic Acid, 635 
Dicy.ano<diacetyl Acetone 599 
Dicyaiiogen, 483. See also Cyanogen 
Dicyanoglutaconic Ester, 615 
Dicyanomalonic Acetoacetic Ester Lactam 

653 

Dicyanomalonic Esters, 6x2 
Dicyanopelargonic Ester, 593 
Dicyanopropionic Acid and Ester, 379, 60.3 
Dicyanosuccmic Esters, 489, 6x4 
Dielectric Constant, 53 
Di-epi-iodohydrin, 533 
Dicthoxyacetic Acid, 401 
Dietboxyacetoacetic Ester, 534, 398 
Diethoxyacrylic Ester, 489 
Diethoxybulyric Acids and Esters, 848 , 349, 4x2 

418 

Diethoxynialonic Ester. 363 
Dietboxymcthylal, 203 
Diet boxy propionic Acids, 347, 401 
Dietboxyauccmic Acid, 56(1 
Diethyl Acetamide, 278 

Acetic Acid, 261, 369 

Acetonitrile, 280 

Acetyl Chloride, 271 

Acetylene Glycol Dipropionate, 315 

Alloxam, 579 

Alljrl Carbinol, 124 

Aminoacetonc. 344 

Aininoacetonitiilr, 211, 888 

Aniinomethyl Sodium Sulphite, 21 x 

Aminomctliylcne Acetate, 2x1 

Arsenic Acid, 178 

Barbituric Acid, 576, 677 

Borine Chloride, 180 

Butyrolactone, 876 , 493 

Carbinol, xig, 181 

Chloride, Tin, X82 

Cyanacetamide, 443 

Dinitro-oxamidc, 484 

Dithiophosphinic Acid. 175 

Hydrox^utyric Acid 371 

Ethane Tetracarboxylic Ester 6t J 

Ethylene Lactic Acid, 371 

Ethylidene Lactic Acid, sb(t 

— Formal, 205 

— Ghitaric Acid, 304 

Glycidic Ester, 540 

Glycocoll, 387 

Glycollic Acid Nitrile, 379 

• HydantoTn, 448, 444 
■ ■ ■■ Hydroxides, Thallium, x88 

— Hydroxylamine, 17a 

Ketone, 106, 888 

■■ - — Semicarbarone, 228 

Magnesium, 184 

Maleic Anhydride, 516, 5x9 

Maloiiic Acid. 491 

— Acid Nitrite. 49 < 
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IHetbyl Malonuric Acids. 577 

— ' ■ Mi4oayl Thiourea, 577 

— Uretbaue, 577 

— ■ Methyl Ethylene Nitrosate, 345 

— ■ ■ Nilramine. 169 

Nitrosaznine, 168 

— Oxalic Acid, 3C6 

Ozalyl Acetoacetic Ester, 569 

Oxamic Acid, 483 

Ozamide, 484 

Oxamethane. 485 

Oxetone. 535 

Oxide, Tin, i8a 

Peroxide, 130 

Pseudouric Add, 578 

Silicon Compounds. r8i 

Stannic Oxide, 183 

Sucdnic Acids, 494 

Sulphate, 138 

Sulphite, 141 

Sulphocarbamidr, 452 

Sulphone Dibrom. i.: ’thane, 434 

Methyl Ethyl Mrthane, zz^ 

Tetraraethyleuc Kutouc, 503 

Tin, 182 

— — Urea Chloride, 438 

Ureas, 440 

— — Violuric Arid, 580 

Xauthocheli'lonic Ester, 621 

Dietbylarnine, 1&5 

Diethylamme, Acetic Ethyl Ester, 387 
Dietbylammocbloroborine, z68 
Dietbylaminochlorophosphinc, 162, 19 S 
Diethylaminochlorosilicine, 162, 163 
DiethylaminopropionitriJe, 380 
DiethyUminosulphochlorophosphim’, i '»8 
Dictbylammoxychlorophosphine, ibB 
Diethylcne Piiminc, 336 

Disulphide, 324, 325 

Thetinc, 377 

Disulphone, 325 

Glycol, 818 , 31O 

Diethylciieimide Oxide, 330 
- - Oxide, 312, 818 

Sulphone, 321 

Tetrasulpbide 325 

Diethylhydrazine, Difoiiny) 239 

, Thiouyl, 170 

Diethyl hydrazines, 170 
Diethylin, 531 
Difluorethyl Alcohol, 288 

Eromido, 288 

Difluorncctic Acid 288 


Diioniin, 530 

Diformacr-tal, Adonitol, 6t6 
Diformal Peroxide Hy'liaie, 203 

Tartaric Acids, O04 

Diforin aldehyde, 199 

Peroxide Hydrate, tag 

Uric Acid, 582 

Diformyl, 346 
Diethylhydrazine, 239 


— — Hydrazine, 170, 239 
Dlglutaconic Acid, 520 
Diglutaric Aeid, 668 
Diglycerol, 688 
Diglyclde, 532 
Diglycl Cystine, S41 
Diglycocoll. Ox.ilyl, 
Diglycollamie. A^'id, 37R 
Diglycollamidc. 378 
Diglycollic Arid, 313. 3 « 7 . 37 * 
Dlglycolllde, 367 
Digiycollimide, 378 
Diglycolyl Diamide, 302 
Dtelycyl Glycine, ' 

. Carboxylic A. . i. 437 
Dihalogen Aldehydes, 205 


Dlhaloidffiiionic Acids, 563 


Dohalohydzins, 329 
Dihydric Alcohols. 307 
OlKydcocbolsstecoli 
Dibydro-m-xylol. 2 sa 


Dihydroresorclnol, 424 
Diiiydzotetrazine, 403 
Dihydrorcsorcyl Propionic Acid, 371 
Dmydrotrimesic Afid, Methyl, 408 
Oinydro^yacetic Acid, 400 
Diiiydroxyacetune Glycerol Ketone, 534 
Dihydroxyacetyl Dimethyl Acetic Acid Laetoae, 
54(> 9 

Dihydroxyadipic Acids, 348, 608 
Dihydroxybehenic Acid, 539 
Dihydroxy-butyl-mcibyl Ketone, 334 
Dibydroxy butyric Acids, 296, 689 
Dihydroxy-dihydro-mcthyl-heptenone, 534 
Dibydroxy-dimethyl-acetoacetic Acid Lactone, 
421 

Dihydrozy-dimetbyPglutaric Acid, 606 
Dibydroxyethylammu, 328, 980 , 386 
Dihydroxyethyi Diketopiporazine, 541 
Dihydroxyetbylcne Succinic Acids, ^9 
Dihydroxyghitariu Acids, 603, 606, 022 
Dihydroxyguanidiue, 459 

azo-body, 459 

Dihydroxyisobu lyric Acid, 539 
Dibydrozyiso-octylic Acid, 339 
Dihydroxyketona Dicarboxylio Acids, 621 
Dihydroxyketosucciuic Diethyl Ebler, 008 
Dihydroxymaleic Acid, 337. 809 
Dihydroxymalonic A-cid, 562 
Dthydroxy-oicline Carboxylic Acids, 606 
Dihydroxypropanc Tricarboxylic Acids, 605, 622 
Diliydroxypropionic Acid, 538 
Dihydroxypropyl Malouic Acid, 599 
Dihydrozypyriainc Carboxylic Acid, 611 
Dihydroxypyrimidine, 573 
Diliydroxybcbacic Acid, 606 
Dibydroxyhtcaric Acids, 801 , 539 
Dihydroxybubeiic Acid, 348, 606 
Dihydroxytjrtaric Acid. 607 
Di hydroxy tricarboxylic Acids, 621 
Dihydroxyundecylic Acid, 539 
Dihydroxyvalcnc Acid, 539 
Dihydroxy valerolactone, 598 
Dihyroracemic Acid, Acetone, *^71 
Diimide, 447 

Diimido-oxalic Ether, 486 
Diimido-ozalyl Dimalonic Ester, 488 
Diiini.lo-tetra-acctyl Butane, 350 
Oiiminoadipic Ester, Diacetyl, 655 
DuminobarbiLunc Acid, 576 
Diiminobutane, Tetracetyl, 647 
Di'iodhydrin, 529 ® 

Di-iodoacetauiide, 404 
Di-iodoacetic Acid, 288 , 404 
Di-iodoaoetonc, 225 
Di'iodoacrylic Acids, 1*93 
Di-iodoethers, 129 320 , 330 
Di-iodocthylenc, 97 • 

Di-iodofumaric Acid, 515 

Di'iodomalonic Acid, 489 (454 

Di-iodomethane Disulphonate, Potassium. 434, 
Di-iodomethyl Ether, 207 
Diiodoputine, 584 ' 

Diiseihionic Acid, 326 
Diisoamyl Arsenic Acid, 178 \ 

Diisoamylarsine Compounds, 1 78 
Diisoamylene, 85 
Oxide, 3*8 

Diisobutyl Acetylene Glycol Diisovalcrate, 316 
Diisobutylaminochloroarsinc, x 63 
Diisobutylaminochlorobozine, 168 
Diisobutylaminochlorophosphlne, 1 68 
Di isobu tylamlnochlorosilicine . 1 68 
D I Uobu tylaminosul phochlorophosphine , z 68 
Diisobutylaminox ycblorophospbine , z 68 
Diisobutyl Carbylamin^ 165 

Glycollic Acid 360 

l6:tone, 223 

Diisobutylene, 85 
Diisobuty^l, 349 
Dtisocrotyl Oxide. 3x8 
Diisomtramines, 154 
Dilsonltrosoacetone, S 34 > 89 f 
Diisonitramines, axo 
Dliaonitfosobiityrie Ester, 547 
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DiltOBittoioproplonic Acid, 545 

Diiaonitroso-iucGlnyl'SucciiiiciEster, 567 
Diisopiopenyl, 91 4 

DUsopropyl Ketondi 223 
— Oxalic Acid, 366 
— — Sorbic MethjMKetone, 233 
■ ■ Succinic Acid, 494 
DUsopropylidene Succinic Acid, 522 
Dilsovaleryl, 349# 3 x 6 
— Glutaric Acid, 523 
Diketoadipic Carboxylic Acids, 635 
Diketobehenic Acid, 304 
Diketobutane, 349 
Diketobutyl Alcohol, 336 
Diketobutyric Acid, 546 
Diketobutyrolactone Phenylbydrazoue. 345 
Diketocarotf ylic Acids, 346 

Peroxide, 547 

Diketohexamcthylene, 492 
Diketone Dicblondes, 350 
Diketones, 306, <48 

— — Nitrogen-containing derivatives oi the, 


Oximes of, 354 

Diketoplmelic Acids, 503, 608 
Diketostearic Acid, 304 • 

Diketosuccinic Esters, 608 
Diketovaleric Acid, 547 
Dilactyl Diamide, 392 
Dilactylic Acid, 367 
Dilavulinic Acid, 6x0 
Dilituric Acid, 377 
Dimalonic Acid, Oxalyl, 655 

— Acids, 613 
Dfmethoxyacetone, 534 
Dimethoxychloropyrjini'line, 374 
Dimetboxyheptane-4-ol, 532 
Dimetboxymethylal, 205 
Dimethoxypyriinidine, 374 
Dimethyl AcetaL 203 

— ^ Acetic Aci^ 348. 858 

— - Acetoacetic Acid, 430 

— Acetobutjrric Acid, 424 

— Acetonyl Acetone, 96 ?. 423 

Acetone Dicarboxylk 423 , 56 j 

— — Acetyl Pyrrole, 492 

— Acrylic Acids, 291, 288 
T Adipic Acids, 305 

2 Alloxans, 575, 578 , 580 

Allyl Acetyl Acetone, 229 

— — Carbinol, 124 

Amido-acid, 337 

Aminoacetunc, 344 

Aminobutaue, 163 

Aminobutyric Methyl Ester, 394 

Angelic Lactone, 399 

A'* Angelic Lactone, 398 

eArsenious Acid, 176 

Arsine, 177 

Trichloride, 178 

— — ■ Aticonic Acid, 319 

Azi<«niane, 355 

Barbituric Acids, 576, B 77 

— Blshydrazimethylene, 355 
Bromide, Thallium, 188 

— Butane Tricarboxylic Acid, 504 
Butanonal Acid, 348' 

— Butyrolactam, 396 

— Butyrolactone Dicarboxylic E-ter, oia 
Butyrolactones, 874 , 620 

— Carbinol, 117 

~ Chloride, Thallium, z88 
— — Chloromine, 164 
Citraconib Anhydride, 3x8 

— Coumalic Acid, 57 z 
Coumalin, 399 

— — Cyanamlde, 47 a 

— Cyanethane Dicarboxylic Ester, 494 
— Cyanoglutaric Ester, 593 

» Cyanoproplonic Ester, 498 
Cyanosucmnic Esters, 498, 588 
Cyanuric Acids, 464 . 

— - - Cyclobutanone Carboxylic Ester, 389 

Diaoetyl Aeetoae, 337 


Dimethyl Diacetyl Pyrazine, 338 

— Racemic Ester. 602 

Dibtomohexane, ox 

Dicyanoglutaric Ester, 304 

— — Dicyano-methyl Ammonium Bromide 
— — Diethyl Ammonium Iodide, x66 
— — Dinitroethane, X55 

— — — Tetrahydrofurfurane, 3x8 

Dihydroxyadipic Acids, 606 

Dihydroxyheptamethylene, 35a 

— Diketone, 349 

■ - ■ Ethane Tetracarboxylic Ester, 6X3 

Tricarboxylic Ester, 494 

Ethozypyrimidine, 282 

— ^ Ethyl Acetic Acid, 261 

— — Derivatives, 271, 280 

Betaines, 387 

Carbinol, 83, 119, 12“ 121 

Ethylene Niirosochloi i , 345 

Hydracrylic Acid, 371 

Ethylene, 

Oxide, 3X8 

Formocarbothialdine, 430 

Fumaric Acid, 519 

Furazane, 353 

Furfurane, 351 

Glutaconic Acids, 521 

Glutaric Acids, 508 , 304, 521, 593 

Bromo-denvalives, 503 

— ■■ — Derivative, 424 

Ester. 506 

Glutolactonic Acid. 521 

Glycidic Acids, 618 , 6ia 

GlycocoU, 387 

Glyoxri, 349 _ 

Glyoxime Peroxide, 335 

Hydantolns, 443 

Hydracrylic Acid, 370 

Hydrazines, 170 

Hydroxyglutaric Acids, 560 

Hydroxypropionic Acid, 339 

Ilypoxanthine, 589 

lodamine, 167 

Iodide, Thallium, 188 ^ 

■ ■■■ Isopropenyl Acetic Acid, 37X 

Isopxopyl Ethylene Lactic Acid, 371 

FulKonic Acid, 522 

Tsox izolcs, 354 , 355 

liaronic Acids, 518 

Keiazine, 228 

Ketenc, 236, 290, 478 

Kotol, 341 , 342 

Ketone, 222 

Ketopyrrolidone, 421 

Laivulinic Acids, 398, 488 

Methyl Ketone, 352 

Magnesium, X84 

Maleic Anhydride, 518 

Malic Acids, 421, 668 

Malonic Acid, 299, 491 

Mesaconic Acid, 519 

Methylene Dithioglycollic Acid, 376 

Nitramine, 169 

Nitrosamine, 168 

Phenyl Pyridazolone, 424 

Oxalacetic Estei, 567 

Oxalic Acid, 365 

Oxamic Acid, x6i 

Oxamide, 161, 484 

—1 Oxetone, 225, 585 

Oxycbloropurine, 500 

Parabanic Acid, 575 

Paraconic Acid, 518, 568 

Pentaglycerol, 528 

Pbosphinic Acid, i 75 

Pimelic Acids, 50O 

— Piperidine, 167 ^ , 

Propane Tricarboxylic Esters, 593 

Tetracarboxylic Ester. 504 

Pseudourlc Acid, 578 

Pyrazolidine, 3 SS 
Pvridonc, 399 

Add. 4 .« 


.S» 
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Dimethyl Pyrrole, 392 

Pyrrolidines, 335, 396 

Racptnic Acid, 408, 601 

— Semicarbazide, 447 

Sorbic Acids, 305, 306 

- - Methyl Ketone, 232 

Stannic Oxide, 183 

■ — Succmanil. 498 

Succinanilic Acid, 497 

Succinic Acids, 49^ 

Derivatives, 494 499 

— — Esters, 315, 495 

Succinimide, 498 

Succino-nitrile Acid, 4<yiS 

Succinyl Chlorides, 4 » 3 . 

Sulphate, 188 , 158, joj, mo, 171, 266 

Sulphite, 140 

Sulphurous Ester, i to 

Tellurium OxicJl*, 14 h 

Tetrahydrofurturane, 318 

Tetrahydropymni* Dii arboxylii Ester, 

621 

Tetramcthvlcno Glycols 315 

KetouP, 503 

Oxide, 318 

Theline, \77 

Dirarboxylic Acid, 377 

Thioscmicarbdzide, 454 

Thioun as, 45-2 

Triazrrio, 171 

Tricar ball ylic Acids. 693 , 6x2 

Timipthylenc Glycols, 3x4 

Uratirs, 575 

Uramil, 678 , 580 

Urea Chloride, 438 

, Malonyl, 576 

Uric Acids, 686 , 589, 590 

Valerolactoiies, 375 

Vinyl Hydrarrylit Acid, 398 

Succinic Acid, 520 

Xanthines, 588, 589 

Oxypurine, 589 

Dimethytaimne, 139, 165 

Carboxylic Estt is 393. 394 

Hydroxyethyl. 329 

Ethyl Ether, 330 

Dimelhylaminoaretic Mcihyl H^ter 387 

Dimf’thylarninoacetonitnle, J8T 388 

Dimethylene p-Dihydrazinophenyl, 198 

Dulcitol, 624 

Galactonic Acid, 650 

Ghicoheptonic Lactone, 651 

Gluronic Acid, 649 

Iminc, 335 

Rhamnitol, 616 

Sucnriir A( id, *)23 

Dimethyl-hydroxy-pyiozole, 537 
Dimethyl-mtro ^-hydroxy lu -a, 448 
2, 6-Dimethyl-octaiie *3-0111' Acid, 424 
Dimethoxysucrmic And, 604 
Dimyricyl. 70, 77 , 122 
Dinitroaretic Ester, 402 
Dinitroalkylamines, 339 
Dinitrobromobcnzf n<', 162 
Dinitrobutane, 135 
Dinitrocaproic Acid, 420 
Dinitrodiisoamyl, 155 
Dinitrodiisobulyl. 155 
Dinitroethane. 135 
Dinitroethyl Methyl Ether, X36 
Dinitroethylic Acid. 17 S. X87 
Dinitroglycerines, 530 
Dinitroglycoluril, 441 
Dinitrohexane, 15 5 
Diilibromethane, 166 , 156, 339 
Dlttltro*oxamide, Diethyl, 484 
Dialtroparaffins, 164 , 210, :!i9 
Dinitropropancs, 166 , 239 333. 3^0 
Dlnitrotodiisopropyl Acetone, 231, 335 
Dinitrosoisopiopyl Acetone. 555 
Din trosopen tame thylene Tetramine, 211 
Dlniitrotartarfe Acid, 604 
Dinitrotriiodoetbylene, 15 ^ . 

Dinitrourea, Btbylane, 44 >i 


I Dinotzoethyllc Acid, xys 
Dioctyl Acetic Ac^, 261 
Diolebnes, 85, 90,^86 
DiozoniScs, 90, gz 
Dioletine Alcohols, 135 ® 

Aldehydes, 2x5 

Carboxylic Acids, 303 • 

Ketones, 228 

Lactams, 399 

Dioxalio Ester, Acetone, 621 
■ - - - - Acctonyl Ac' torn*, 655 
Dioxdlosuccinic Ethyl f)56 

Lactone Ethyl Ester, O56 

Dioximidosucniiii Acirl, 564, 008 

Ester, Peroxide ot, 405 

Dioximidovaleric Acid, 54O 
Dioxoallenc, 488 
Dioxopiperazine, 391. VJ- 
Dioxybutync Acid, 296, 530 , 546 
Dioxypurine, 588 

Amino-derivatives, 589 

Dioxypyndine, 520 
Dioxy pyrimidine. Amino-, 58b 
Diuxyvalcric Acid, 547 
Dipaimitin, 530 
Dipentenc. 91 

Dipontyl Ethylene 6lyc(tl, 314 
Dipeptides. 300 , 39X, 403, 542, 543 » 671 
Dipi'ptones. 671 
Diphenyl liutyiolactonc, 495 
— - — Diclliylene Diamint 336 
Dipiperidyi Piperazonium Bromide, 337 
Dipivaloyl, 350 
Dipropargyl, 91 

Dipropionic Acid, o-Sulphone, 377 

Acid, Mercury, 289 

, Oximidoacetone, 57X 

Dipropionyl. 816 , 349 

Cyanide, 400 , 5 so 

Dipropyl Acetylene Glycol Dibntyrate, 31s 

Ammochloroborine, 168 4 

Aminosulphochlorophospl.iiie, x68 

— — Barbituric Acid, 57b 

— ■■ Biomide, Thallium, 188 

— — Carlj<)xylic Ester, Ethane, 653 

Chloi amine, 167 

— — Chloride. Thallium, 188 

Ethylene Glycol, 314 

Hydroxyl amine, 172 

Iodide, Tiiallium, x88 

— Ketone, 106, 223 

Malonic Acid, 419 

Malonuric Acid ,„577 

Nitramine, 169 

Succinic Acid, 494 

Sulphite, 141 ^ * 

Dipropylaminoxychlorophosphine, 168 
Di-/^-toluene Siilphotrinn Ihylene Diamide, 
3?7 * 

Disacchandes, 637 « 

Disacryl, 215 
Disilicon Hexethyl, x8x 
Disper-jum, 52 
Distillation. 48 

Disucemic A< id, Methylene, 6x4 

, I iir.u^thylene, 6X4 

Disulphide, 367 

Sulphocarboxethyl, 433 

Disulphnlcs, Thiuram, 449 
Disulphonic Acid, Ethylidene, 210 

- Hydrozymc'thane, 247 

— — Methylene, 210 

of the Aldehydes, 2x0 

Acetone, 226 

Dithloacetic Acid, Carbonyl, 434 . 

Dithioacetonc, 226 ' 

Dithioacetyl Acetone, 330 

Acetyl Acetone, 350 

Dithio-bis>malonic Ester. 489 
Dithiobiuret, 453 
Dithiobutyrolactone, 376 . , 
Dlthiocarbalkylamlnic Acids, 449 
Dithlocarbamatcs, Alkyl, 469 
Ditbiocarbamio Acid, 449 
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DithiocarbamJc Acid, Cyclic Derivatives of, 
450 

— Esters, 430 A 

Ditbiocarbamyl Diallylamine, 434 

Hydrazine, 494 

Ditliiocarbazine Acid, 454 
Dithiocarbonic Acids, 43X, 4 SB 
Esters, 449 

Ethylene Ester, 344 

Dithiocyanic Acid, 467 , 4^8 
Dithiocyanoethane, 469 
Dithiocyanomethane, 468 
Dithiodiethylamine, ibz, i 
Dithiodiglycollic Acid. 376 
Dithiodilactic Acid, 376 
Dithiodimethylaminc, 167 
Dithiodipropionic Acid, 376 
Ditbioeth}(i Bulyiic Estur, 4x9 

Dimethyl Methane, 226 

Dithioglycol, 324 

Dithioglycollic Acid, Dimethyl Methylene, 376 
Dithiomelanurenic Acid, 4bb 
Dithionic Acids, 273 > 274 
Dithio-oxamide, 486 
Dithiophosphinic Acid, Diethyl, 175 
Dithiopropionic Acid, 541 

DlthiotetrahydrothiophmoTetracarboxvlir Ester, 
656 

Dithiotetralkyl Diamines, 167 
Dithiotetralkylainines, 167 
Dithiourazole, 434 
Dithiourcthanes. 450 

Dihydroxypropyl Malonic Acid Lactone, 599 
Dipropyl Carbodiimide, 472 
Diurea, 448 

Carbonyl, 445 

Ethylene, 441 

Diureldes, 347, 680 
Diureidomatoiiic Acid, 584 
Diurethane, Carbonyl, 443 

Glyoxylii^Acid, 436 

Diuretlianes, 436 
Divinyl. 88, 90 ,' 396 
Dodccane, 77 
6.7-DtAcanr-dtol. 3x0 
DodAsHw Acid, 262 

Dry ai^^jation of peat, bituminous shale, brown 
coal,\ jil, boghead, caiincl coal, 71 

— of tar. 218 

—2 — ■ — of UrUric acid, 23^ 

- ■ of wood, 71, T07, 1 ro, 218, 222 

of wood vinegar, 256 

Drying oils. 301 
Hemp oil, 382 

— — Linseed oil, ^02 

•Nut oil, 3e2 

Poppy oil, 102 

Dulritol, 112, 601, 6 * 4 , 627, 63s, 634 
Duroquinone, 349, 330 

Dyi'^, 451 . 

Dynamite, 330 


Earth-nut Oil, 263 
Edeslin, 670 

Egg, Yolk of, 329, 53 f». 53 * 

Egg shells, 541 . 

Elaidic Acid, 292, 801 

Elastin. 392 

Elayl Chloride, 322 

Electric CoiiductK n y, 58 

Electrical Absorption, Anamolous S 4 

Electricity, Action of, 64 

Electrolytic Dissociation, Theoiy of Arrhentus, 16 
Elemi Resid; 677 
Empyreumatic Oils, 237 


Bmulsin, 633, 635. 6)8, 077 
Enneamethylene Glycol, 3x3 
Enzyme, Gastric, 671 
— Pancreatic, 671 


— Theory, xia 
Enzymes, 118 , 638, 660, 666, 877 
Epibromohydrin, 333 
Bplchlorhydrin, 296, 388, 889 , 539 


Epietbylin, 998 , 539 
Epihalohydrins, 529 
Epihydrin 368 
— Alcohol, 532 

Carboxylic Acid, 539 

Eiher, 533 

Epihydrinic Acid, 889 . 368 
Epi-iodohydrin, 333 
Efutsetum fluviaith, 394 
Ergot 661 

ErJenmeyer, Rule of, 87 , 343 
Erucic Acid* 392, SOI, 307 
Erythrene, 90 
Erythrin. 596 

Erythritol, 90, 99, 118, 600 604 

Derivatives, 396, 597 

Efythroca ceniaurium, 363 
Erythrodexlrin, 663 
Erythroglucic Acid, 398, 638 
Erythroglucin, 51)6 
Erythronic Acid, 598 
Erythronitrolic Acid Salts, 15.1 
Erythrose, 396, 897 , 6x6, 6x8, 620 

Derivatives, 597, 619 

Erythrulose, 396 
Ester Acids, 130 
Esters, 108, X25, 130, 363 

Acid, 130 

Neutral, 130 

Ethal, 122 
Ethane, 64, 72 , 258 

Dibenzoyl, 495 

Disulphochloiide, 327 

Disulphonate, 327 

Ilexacaxboxylic Acid, 656 

Hexamethyl, 75, 77 

Polyhalide, 95 

Tetra -acetyl, 597 

Tetracarboxylic Acid, 492, 018 , 656 

Ester, 488, 656 

Tricarboxylic Ester, 49a, 883 , 6x3 

Etlianoyl Chloride, 270 
Ethinyl Amidine, 282 

Amidoximc, 283 

Trif irboxylic Ester, 592 

Tiuliloiide, 284 

Ether. Addition Compounds, 127 

Derivatives, iii, 127 

Homologup of Alkoxyethylcne, 129 

Methyl, 127 

Sulphur, 127 

Vinyl, and Derivatives, Z29 

Ethers. 125, 187 , 381, 406 

Mix^d, 129 

Monobaloid, 206 

Etherates, 127, 185 , 207 
Ethers of the Glycols, 204, 3x6 
Ethionie Acid, 326 
Ethionic Acid Anhydride, 327 
Ktho-glycollic Estei, Ethyl, 360 
Etlioxal Nitrolic Acid, 48b 
Ethoxaldoxime Chloride, 486 
Ethoxyacetaldehyde 338 
Ethoxyacctonitrile, 341, 979 
Ethoxyacctyl Acetone, 536 
Etboxyacrolein Acetal, 347 
Ethoxyacrylic Acids, 897 , 401 
Ethoxyammopropionir Arid. 540 
Etho^butyric Aldehydo, 338 

Ester, 296, 870 

Sthoxybutyronitrilc, 380 
Ethoxycaprylic Ester, 3 S 9 
Ethoxycrotonic Acids, 898 , 4x8 
Ethoxyfumaric Ester, 56b i 
Ethoxyglutaconic Acid 569 
Ethoxyhexyl Iodide, 3 r'* . , 

Ethoxy-hydroxy-butyric Acid 339 
Ethoxy Isosuccinic Ester, 508 
Ethoxyl Chloracctoacetic Ester, 648 , 39B 

Malonic Acid, 049 , 607 

Propionic Acid, 366 # 

Ethoxylamine, 173 
Bthoxymaleic Acid, 5 ®® 

-9— Anhydride, 366 
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Bthoxyn^alelc Homologous, 34X 
Etbozym^thyl Acrylic Acid, 401 
Btbozymetbylene Acetal, 347 

— Acetoacetic Bster, 546 

Acetyl Acetone, 536 

Ketone, 343 

Malonic Ester. 361 

Ethozypyridlne, 399 
Ethyl, Beryllium, 184 

Cadmium, 187 

Germanium, x8x 

Mercury, x88 

Zinc, 187 

Acetic Acid, 338, £88 

— Acetoacetic Acid, 355, 418 
Amide, 4x9 

Acetobutyric Acid, 424 

Acetoglutaric Ester. 570 

— — Acetone Dicarboxylir Ester, 369 

Acetopxopionic Acid, 375 

Acetylene Carboxylic Acid. 304 

Acrylic Acid, 298 

Adipic Acid, 505 

Alcohol, 73, 111, 2SX, 601 

— — Aldehyde, 199. See Acetaldehyde 

Allyl Acetic Arid, 375 

Aminovaleric Arid, 394 

tert.-Amyl Ketone, 224 

— — Arsenate, X4X 

Arsenic Acid, 177 

Arsenite, 141 

Arsine, 177 

Aticonic Acid, 580 

Borate. 141 

Boric Acid, 180 

Bromide, 135 

Bromomalonic Ester, 49 x 

Butene Lactone, 398 

sec.-Butyl Hydroxylamine, 172 

—— Butyrolactones, 374 

Cacodyl, 176. 178 

Calcium Iodide, x86 ; “ ctheratc,’* x86 

Carbamic Ethyl Ester, 436 

Carbamine-thiolic Acid, 448 

Carbonic Acid, 427 

Carbothiolic Acid, 274 

Carbylamine, 248 

Chloride, 7 i, m, H8 

Clilorophosphine, 175 

— — Citraconic Acid, 518 

— Creatinine, 157 

Crotonic Acid, 899 

Cyanide, 280 

Cyanamide, 472 

— — Diacetamide, 277 
— • Diallyl Acetoacetate, 308 
■ ■■■ Diazoacetate, 403 

Dichloramine, x67 

Dichlorhydrin, 529 

■■■ ■ Dichloroxalic Chloride, 482 
*— Dimethyl Butyrolactone, 375 
Trimethylene Glycol, 314 

Disilicate, 141 

Ether, X27 

Ethane Tetrararbozylic Ester, 6x3 

Etho-glycollic Ester, 360 

Ethylene, 85 

Fluoride, X33 

Formamide, 239 

— . - Fumaric Acid, 420, 518 
Glutaric Acids. 50a 

— — Glyceric Acid. 539 

Glycerol. 528 

— , Diethyl Ether, 532 
Glycide Ether. 533 
GlycocoU, 5^7 

GlycoUic Acid. 868 

— ^ Eater, 360, 886, 404, 607 

Hydantolns, 443, 

Hydmcryllc Acid, 370 

— Hydrazine, i7o , , „ . ^ . 

— Hydrogen Perozide Salt, Banum 13 
— Hydxoselcnlde, 148 

Hy d g w ty i orbto Bator, 398 ^ 


Ethyl Hydrozybutyric Acid, 370 

* Hydroxyl Uiea, 448 
— — Hydroxylamim, 172 

— Hydtozylhiourea, 454 ^ 

Hydroxytrichlorobutyric Acid, 557 

— Hypochlorite, 141 

— — Inudochlorocarbonic Esfir, 446 
— — Iodide, 136 

Iodide, Mercury, x88 

Isotbionatc, 326 

Isocrbtonic Acid, 299 

Isocyanide, 248 

Itaconic Acids, 5x8 

Ketone, 475 

Ketol, 34 X 

Laevulinic Acid, 423 

■ - - Magnesium Iodide, 183 

Maleic Acids, 518 

Malic Acids, 557 

Malonic Acid. 491 

Mercaptal, Arabinose, 618 

— — Mercaptan, 148, 449 

• — Mcrcaptochloropyrimidine, 574 

Mercuric Hydroxide, 188 

Mesaconlc Acid, 519 

Methyl Acetopronionic Acid, 375 

Adipic Acid, 505 

— — Butyrolactones, 375 

— Glyceric Acid, 530 

■■ ■ • ■— — Ketone Semicarhazone, 228 

— Valcrolactone, 375 

Methylamine, 165 

— — Methylene Amine, 2XX 

Mustard Oil, 470 

Nitramine, lOo 

Nitrate. 116, 137, X38 

Nitric Ester, 137 

» ■■ - Nitrolic And, 154 
— — Nitrosolic Acid, 284 

NitroiK 138 

OxalacetLc E^er, 567, C07 • 

Oxalic Chloride, 482 

Oxamlc Acid, 483 

Oxainino*chloride. 483 

OxTchlorophosphinf*:, x75 

Paraconic Acid, 299, 557 

— — Phosphate, 14 1 

Phosphinic Acid, x75 

Phosjphite, 14 1 

Piperidone, 396 

Propane Tetrararbozylic Ester, 614 

Propyl Acctir Arid, 261 

Ketone, xo6 

Selenide, 148 

Selenite, 148 

Silicates, 14X 

Silicoformate, 141 

Silicon Trichloride. x8i 

— — Triethylali*, i8x 

Sorbic Acid, 305 

Stannonic Acid, 183 

Succinaldozime, 355 

Succinic Acid, 403 

■ — Succinimide, 498 

Sulphide Acetic Acid, 378 

Sulphides, 142. 143 

Sulphocarbamide, 452 

Sulphochloride, 147 

Sulphonate, 147 

■ - Sulphone Acetic Acid, 377 

- .. - Propionic Acdd, 377 

Sulphoncs, 146 

Sulphonic Acid, 147 245 

Ethyl Acetic Es<cr, 377 

Sulphoxides, 145 

Sulphurane, 325 - 

Sulphuric Acid, 8x, X04, xix, 1x6, 120, 139, 

— fit Cblorirle, X40 

■ ■■ ■ Tartronic Acid, 550 
Telluride, X48 

Tetronlc Acid, 420. 844 

Thiooarbamic Ethyl Ester, 449 

— ^ Tbiocarbonie Acid, 432 
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Ethyl Thionamie Acid, 168 

— Thiosulphuric Ethyl Ester, 147 

— Tr carballylic Acid, 594 
Uramil, 37^ 

Urea, 440 

— Chloride, 438 

Valerolactam, 396 

Xantbic Acid, 433 

Formic Ester, 433 

Bthylamine, iiz, 164 
Ethylene, 80 

Bromide, 8z, 86, 828 6x3 

Chlorhydrin, iii, 819 

Chloride, 81, 3x2, 882 

Cyanhydrin, 380 

Cyanide, 499 

Diamine, 322, 888, 436 

— Derivatives, 32^, 333 

Dicarboxylic Acid, 4y2 

Diethyl Sulphide, 324 

— Sulphone, 325 

Dimalonic Ester, 613 

Dimethyl Sulphide, 324 

Dinitramiue, 333 

— Disulphinic Acid, 327 
— — Disulphomc Acid, 3*7 

Dithioethylidene, 324 

Ester, Carbonic, 428 

DilhiocarbiJ’.iio, 433 

Ethenyl Ainidinc, 133 

Ethylidfue Ether, 317 

Glycol, Thio- compounds of, 324 ; Mercap- 

tans, Sulphides, 324; Sulphuit dLiivalivcs, 
Sulphones, Sulpbouic Acid 32 s 
Glyeols, 82, 99, X92, 224, 818 , 315 

Halides, 322 

Hydrinsulphonic Acid, 325 

Imide, 166 

Imine, 335 

- — Iodide, 322 

« LacUc >ftid, 317. 888 . 37 * 

Mcrcaptal, Aratinose, 618 

— , Dextrose, 634 

— — Merraptals, 324 

Morcaplau, 324 

Mercaptols, 324 

Methylene Ether, 316 

— Nitrate, 323 

J — Oxalic Ester, 482 

— Oxide, 107, ri8, 192, 216, 817 , 318, 539 r 550 
Carboxylic Acid, 193. 

Pseudothiourea, 453 

— Bis-phthaliraido-tnalonic C'.tei , 606 
Sclenocyanide, 468 

Suctinic Acids, 491 , 613 

— Chlorides, 495 

— Nitrogen Derivatives, 496, 497 498 * 


•499 

Sulphide, Polymeric, 324 

Sulphocarbamide, 452 

S^phone Anilide, 147 

Stflpbonic Acid, 147 

Tetracarboxylic E.ter, 615 

Tetramethyl Halides, 32a 

Thiocyanate, 468 

Thiohydrate, 324 

Trimethyl, 83 

Ureas, 441 

— Derivatives, 441 446 

Urethane, 436 

Ethylidene, Acetoacetic Ester, 4*5 
Acetone, 229 

— Azine. 214 

— Bromide, 206 

Chlorhydiin Acetate, 207 

Chloride, 80, 808 , 492 

— — Cyanacetic Ester, ^08 
— — Diacetate, 200, 807 
•-i— Diacetic Acid, 302 
Diethyl Ether, 205 
..I—. Sulphone, 210 

Dimalonic Ester, 508, 61 f 


i— - Dimethyl Ether, aoy 
■MW- D^alphonio Acid, 209. 818 


Ethylidene, Dithloglycollie Acid, 376 

Diurethane, 436 

Glycols, Carboxylic Esters of, 207 

—1 Ethers and Esters of, 204 

Glutaxic Acid, 322 

— Iodide, 206 

Lactic Acid, 362, 369 

— — Halogen Derivatives, 368 

_ — — — Nitrile, 379 

— — Malonic Ester, 292, 608 , 6x3 
— — Methyl Butyrolactone, 423 
— ' ' - Glutaric Acid, 29b, 688 

— — Pyrotartaric Acid, 520 

— Oxide, 199 

Phenylhydrazine, 2x3 

— - I^opionic Acid, 292, 298 

— Succinic Acid, 490, 3x8 

Urea, 441 

Ethylidenimine, 212 

Ethylidine Chlorhydrin Acetate, 207 
Ethylimidopyruvyl Chloride, 248 
EugletM viridus, 662 
Euonymus europatus, 530 
Euxanthona 652 


Fats, 261, 262, 864 , ^92, 506, 5 ^ 7 , 530 

Technical application of the, 264 

Fatty-acid Derivatives, 284 

Esters, 265 

Nilramines, 396 

Nitriles, 252, 876 

Fatty Acids, 231, 260 

■ — '■ -, Halogen Substitution Products ot 

the, 284, 290 

, Isonitramine, 396 

Synthesis and Decomposition of, 262 

Frhling's Solution, 603, 628 
FolJic Acid, 676 
Ferment, Fibrin, 670 

Maltase, 633 

My rosin, 470 

Fermentation, Butyric, 261. 363, 36J 

Butyric Acid of, 259, 631 

Citric Acid, O3X 

Lactic Acid, 363, 365, 631 

Mucous, 631 

Ropy, 623 

of Call ium Malate, 492 

of Glycerol, 315 

of Lactic Acid, Butyric, 239 

of Starch, Butyric, 259 

of Sugar, Butyric, 259 

of the Hexoses, 631 

Ferments, 1x3,264, 381,626, 658, 659,660,663, 67 ; 

Butyric, 365 

Decomposition of Fats by, 264 

Ferrocyanide, Potassium, 243 
Ferrofulmiratc, Sodium, 250 
Fibrin, Globulin, 670 

Putrescence of, 394 

Fibrinogen, 670 
Fibroin, 392, 540 

of Silk, 386, 388 

Fire-damp, 71 
Fish, Decay of, 334 
Fish-sperm, 674 
Flaveanic Acid, 486 
Flesh, Putrescence of, 394 
Fluoracetic Acids, 288 
Fluorescence, 31 
Fluorethylene, 97 
Fluorochlorobromoform, 247 
Fluorochloroform, 247 
Fluoroform. 246 
Ffy mgttric, 329, 34® 

Formal, 203 

Formalazioe, 2x4 ^ ^ 

Formaldehyde, ixi, xsB, X63. 187 . 809 i 937 * 387 * 

63*. 663 . 

Derivatives, 209, 629 
— Peroxide, 803 
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Formaldebyi^e Sulphozylate, aot 
Formalduxime, a 13 
Fonnalhydrazme, 2x4 
Formalin, 19 H 
rFonnamide, 288, 239, 277 

Denvativfs, 239, 240, 409 

Formamidine, 243, 844, 282, 455 
Formamidoxiine, 243, 844, 283 
Formamme Acetic Acid, 38S 
Forinazyl Carboxylic Acid, 244, 488 

Hydride, 244 

Sulphouic Acid, 454 

Formhydroxamic Acid, 243, 244 283 
Formic Acid, 1x0, 193, 21^, 836 400, (>3^ 

Derivatives, 407 

Esters, no, 10^ iw4 238 243, 530 

— , Oitho-, E ttrs ot, 141 

, Nitnl* of, 2 n 

Formimido-ether, 192, 843 281 

Derivative, 244 

Formiso butyric Aldol, jio 
Formocarbothialditie ])im«tliyl, 450 
Formoguanaminc, 457 474 
Formonitioximo 244 
Formosc, 630 
Formoxime, 

Formulas, Constuiifional, 21 

Empirical, 21 23 

Rationil 2^ 

Strut tui il 21 22 Qo ox 

Formyl Ac< tic Acid, 3«>8, 40 1 

(lU ini ick cit, S74 

AcetoacPtii Psttr, 545 546 

Acetone 848, 34b 

Chloridoxiine, 243 244,249 

Ik K tylMcOim 

(ilyiocoll 385 888 |oi 

Hippunt Arid, 1^40, 643 

IIy(ira7inc , 2 39 

Ketones 343 

J ( uc me 300 

- — Malonic And 360, s6i 

Methyl Thiosemu arbaride, 454 

Tricarboxylic Liter 31)2 

Tnsu I phonic Acid 233 247,429 

— - Urea, 441 

Vilme 389 

Fraxinns chv/fnsts 269 

Fiet 71 U 4 p^int i)''t( rmmation of the mo’nulir 
wn-'iit froMi Mie d on* 'ion of the is , Bci k 
mann’s method , Lyki in inn's method, 17 
Fructosamiiie, 637 

Fructose, iq 8 213 6^7 623 626, 631, 032, 633, 
686, 036, 637 f>3i, ^50 hbi 
Fruit essences Airifinil 207 
FulgtnicAnd 322 
Fulgide, 527 
Fulminate, Af lallic 230 
Fulmmir An I 23b 247, 848 
Fulmmunc Ac id 260 33*), 549 
Fumaramir Acid, 309 
Fumaramlic Arid 310 
Fumarazulo 510 
Fumardianrlidc sro 
Fumaretbyi TJitllniu, 510 
Fumarhydiande 3* » 

Fumana offlctnalti ' > t 

FumaricAcid,63 03 b/ 500 sti 592,600,614 

■ Denvativf s 3 \ 

Acids Alkyl 420,311 

Isom^'ristn of 312 

Dialdehyde, 347 

Fumaryl Glycidic Ac id 605 
•H.»— Peroxide, 509 

Fain, 114. 500, 63 X, 661 

JE^Fission, 631 

Furazan Carboxylic Acids, 646 368, 608 

Fnrazanes, 355 ^ ^ „ 

Furfural, xem, 348. 618 
Furfurane, 818 , 347. 55 *. 654 

Carboxylic Adds, 654 

Fuiodiazoles. 553. 53 ^ 

Fdronic Acid, 506 

FtiMl on, X14. > 17 * 261, 368 


Galactaminb, 634 
Galactaii^ 635 
GalactitoR 033 
Galactochltral, 635 
Galactodextrusc, 660, 66 z * 

Galactonic Acid, 374, 618, 619, 660 

Lactone Chlorhydnn Tna* tyl, 650 

Nitrile, Pcutacetyl, 619, 660 

Galactose, 113, 1x4, 6t8, 619, 624, ovu 686, 636, 
6O0, 66x 

Carboxylic Acids 635, 661 , 655 

Galactosidodextrose, 658^661 
Galactosimine, 630, 651 
Galaheptanepciitol Diacia, 633 
Galaheptonic Acids, 637, 661 , 655 
Galahcptosaminic Acid, 651 
Galalieptose, (>37, 651 
Galaoctonic Acid, 637, 652, 654 » 

Galauctoiiolactone, 052 
GaJaoctose, 637, 650, 65I, 654, 660 
Gala pc ptosc, 632 
Gallic And, 408 
Gallisin, 632 

Gallium, Alkyl Derivatues of, x88 
Galtose, 630 
Garlic, X44 

Oil of, 123 ® 

Gas, Illuminating 71, S7, 90, 93 

“ Olehant,” 322 

Gastric Tuicc, 3(1 1 <>72 
Gaultherta procumben:*, no 
Gelatin, 392, 540 342 398, 678 

Blasting, 6f»3 

Putrescence of, 394 

Tannalc, 673 

Geranial 213 
Geramcil 232 4*2 

Gi rmanium Mkyl Derivatives of, 181 
Glaurophanic A( id 34 b 
Gliadiii, 392 

Globulins 670 , ^ 

Gloxypiopionic Acid, 423, 546 
Glucamincs 624 
Glucase, 600 

GIuco- compounds See Dt xtro compounds 

Glucohepi « .1 b 2 3 

Gluroheptoiiir A( id 631, ofo 661 

Lactone, Diim thylciic, 031 

Glucoheplost 631 g 

Glucoiuc Acid t 7 l bi8 634,641,640 O53 060 

I ac loin 633 

Tctramt thyl 634 

Glucononitol, C23 

Glurononitrile, Peiiti * tyl, 617, 634, 640 
Glucononost , 623, 637 
GIuco octitol 623 ' 

Gluco-octonolactone, O52 
Gluco-octos# , 625, 637 

Glucopentahydioxypiini lit Acid, 652 c 

Glucoprotciiis, 671 , 

Glucosamine, 633 , 636 

Glucosaminit And bsi ^ 

Glucoses, Alkyl, 688 031 See a/so De« rose 

Glucosides, 470, 626 932 

Glue, 385 

Glutaconamide, 520 
Glutaronaminic And 320 , 

Giutaconic Acid Dirarboxyl, 6x5 

Anhvdride, 530 

Dnldt hyde, 347 

Acids. 502, 515, 620 321, * 139 . 56X 

Derivatives, 371, 361. 607 

Glutamine, 559 

Glutaminic Acid, 668, 667, 670 
Glutaric And and Esters, 296, 421. 543 . 593 i 

6x3, 620. 623 

Half Aldehyde of ,402 

Nitnle of, 503 

— ^ . ■■ ■ Derivitivcs 502, S 03 » 504 . 5M, 560^ 

570. 503. 603. 606 

Dialdchyde, 347, 408 

— Diazide, 333, 608 


— — Dioxide, 40 S 
Dihydniilde, 503 
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Glutaile Peroxide, 501 
Glutarimide, 502 ^ 

Giutazine, s6g ■ 

Gluten Proteins«67o 
Glutin'peptone, 668 f 
Glutinic Acid, 

Glutolactoaic Acid, Methyl, 42s 

Derivativi s, 559 

Nitrile, 422 * • 

Glyceraldehydu, 683 , 63;^ 

Derivatives, 534 . * 

Glyceric Acids, 358, ate, 3 ^* 4 - 3^8, 389, 325, 6St. 
539 

Glycerides, 530, 531 
Glycerol Acetal, 53a, '534 

, Acrolein, 532 

~ Benzal, 532 

Di^bylin Derivutive*;, *532 

Esters of Inorganic Amis, 529, 530 

of OrgaiMc Acids: FoiiiiiC Acid, 

237 ; Myristic Acidif 53^ 

Ethers, 206, 214, 681 , 332 

Fermentation of, 314 

— - Formal, 532 

— Mercaplans, 530 
Tnuretbaiic, 533 ^ 

Glycerols, 99, 114, 123, 214, 237, tt?, 314, 341, 
686, 33 X. 562, 663 

Nitrogen Derivatives of tlie, 533, 597 

Glyceropbosphoi 1C Acid, 329 ^31 
Glycerose, 525, 528, 681 , bib 03b 
Glyceryl Chloride, 329 
Glycide Compounds, 542, 333 
Glycidic Acids, 368, 639 640 

Acid, Fumaryl, 605 

Glycine. See Glycocoll 
Glycocholic And, 386, 388, 676 
Glycocoll, 241, 362, 381, 385 , 3yo, 405, 443, 5 ®*i 
666, 673, b74 

Aniidoxolyl, 484 

• Deiivaftvcs, 3^2, 393, 4 <’ 3 i 437 

— Hydrazidi , j6b 
— — Nitrile, 386 

Substituted, 330. 387 

Glycocollamidc, 386 
Glycocollic Ester, 386 

Derivatives, 366, 379 i 4 ^® 

Glycocyamidine, 456 
<llycocyamiac, 456 

Methyl, 387, 456 

Glycogen, 060, 662 

Glycol Acetals, 312. 316, 320 ^23, 887 , 338 

Deri vat ivi«^ 

Aldehyde. See Gly^-ollic Aldehyde 

Aside, 378 

— Bromhydrin, 319 
Carbonate, 428 

Chloracctin, 323 

— Chlorhydrin, 117. 312 319 

— Chlofide Hydroi blonde, 386 

Diacctate of the Olcbuc, 342 

— ^iformin, 323 
Dinitrale, 313, 328 

> Dipalraitate. 324 

Distraratc, 324 

Ethers, 316 

Ethylene, I99 

— — Hydrazide, 378 

lodacelin, 324 

lodohydrin, 319 , 320 

Methylene, 109 

— — Nitro-bromo-lriraethylene, 534 

— Tri[)romethyIidcue, 203 

Triohlorethylidene, 202 

— — Nitrohydiin, 328 

— — Sulphuric Acid, 323 
Glycols, a 16, 306, 3x2, 373 

Acetylene, 315 

— — Esters of, 319 

— Homologous, 313-315 . 

— Hydroxyalkyl Bases, 328 

Nitrogen Derivatives of, 327. 32 ® 

— Olefine, 315 
Paraffin, 107 , 313 


Glycoliminohydrin, 378 
Glycollamide, 378 

Glycollic Acid, xx6, 256, 287. 312, 8it, 366, 401, 
477 , 528, M 5 , 636 

Esters, 367 1 

— ■■ Nitrile, 379 

— - Aldehyde, 117, 198, 203, 237 , 606, 6x6 

— Anhydride, 367 

— — Ester, Chlorocarbonatc, 430 
Glycollyl Aldehyde. See Glycollic Aldehyd 
Glycolureine, 441 
Glycoluric, 347, 441 , 442, 573 
Acid, 442 


Glycolyl Guanidine, 4 56 

Malonic Acid, Ooy 

Pyroiacemic Acid Phenylhydrazone, 345 

Urea, 442 

Glycosine, 346 
Glvcuronic Acid, 538 
Glycyl Alanines, 392 

Aspartic Anhydride, 553 

Aspartyl Leucine, 536 

Glycine, 391, 8B2 

Derivative, 437 

Valyl Anhydride, 674 

Glyoxal Acetals, 34b 

Bisguanidine, 355 

Disemicarbazone, 355 

Osazone, 356 

Osotetrarone, 356 

Sodium Sulphite, 346 

Glyoxalic Acid. See Glyoxylic Acid 
Glyoxaline Derivatives, 4 iS \ 

Glyoxalines, 333, 846, 347, H 9 i 354t 45* 
Glyoxals, 1x6, 203, 3x2, 846, 44X, 477, 608, 633 
Glyoxime Peroxides, 355 

Propionic Acid, 546 

Ring, 573 

Glyoxyl Carboxylic Acid, 545, ' 46 

Thiocarbimide, 573 

Urea, 373 

, Arotyl, 574 

Glyoxylic .\cid, I16, 203, 235, 287, 312, 388 403 , 
405, 444. 5^12 , 

Acetyl, 546 

Diurethanc, 436 

Guanidine. 573 

Phenylhydra/one, 405 

Amide, Aziiu* of, 405 

Glyoxyl Propionic Acid, 423, 640 
Gooseberries, 400. 551 
Granulo-barillu\, 365 
(iranulose, 6bi 
Grapei., 55T, 601 
Gravity, Specific, 4 S 
Groups, 24 
Guaiacol, 607 

Resin, 215 

Gtiaiol, 215 
Guaiiamines, 455, 474 
Guanazine, 4 50 
Guanazole, 458 

Guaneideta of the Acids, 455, 457. 574 
Guanidine, Acetic Acid, 45O 

Glyoxylic Acid, 573 

Malouyl, 576 

Oxalyl, 576 

Propionic Acids, 457 

Guanidines, 250, 426. 454 , 4SS1 871 

Derivatives, 568 

Guanidiiiobutyric Acid, 532 
Guanidocarbonlc Ester. 417 
Guamdudicarbonlc Diethyl Ester, 457 
Guanine, 455, 57*, 5 * 7 . ® 7 a • 

Guano, 455, 581, 588 
Gnanoline, 457 
Gnanvl Guanidine, 457 
- Thiourea, 458 

j Urea, 457 

* Guarana, 590 ^ . 

Gulonic Acid, 6x9. 635. ««». W 
' Gulose, 634 , 639. 650 
Gum, Cherry, 618, 663 
• Arabic, 650, 663 
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G«m Tragacantb. 663 
Gumsi 63 X, 635, 66a 
Guncotton, 604 


HiBMATic Ad4, 5X9> S9S> 671, 676 
Hamatin, 5x9 
Chloride, 675 

Hamatinlc Acid. See Hmnatic Acid 

Hamatocbromogen 675 * 

Hamatoporpbyrin. 076, 676 

HflBinin. 675 

Hsmoglobios, 674 

Haemolysis, 676 

Haemopyrrole, 075, 676 

Haemotricarboxylic Acid, 594 

Hair, 541 

Halochroism, 41 

Halogen Aretylencs, 98 

Alkyls, 93, 101 

Esters oi the Alcohols, 131 

— — Mononitro-parafiin, 148 

Nitro-compounds. 151 

Nitrosoparaflin, 152, 153 

^ Olefines, 00, 106, 225, 

HaUogens, Determination of the, 8 

Heat, Action of, 6x 

Hemiterpene, 91 

Henbane, 333 

Hentriacontane, 77 

Hepta-acetyl Chlorolactose, 660 

Heptachloretbyhdene Acetone, 229 

Heptachloropropane 225 

Heptacosaue, 77 

Heptadecyl Methyl Ketone, 263 

Heptadecylic Arid, 262 

Heptahydric Alcohols, 624 

Heptahydrozy-Aldehydes and Ketones, 625 

Heptamethylene Chloride. 323 

Diamine, 334 

Glycol, 313 

Imines, 335 

Heptane, 76, 77, xtn 

Acids, 598. 599 . 

Heptenyl Amidozime, 289 
Heptitols, 637 
Heptolactam, 396 
Heptolactone Acetic Acid, 360 
Hepto lactones, 299, 070, 631 
Heptoic Acid. 261 

Eater. a68 

Heptyl Alcohol, 122 

Mustard Oil, 470 

Propiolic Acid, 304 

Heptylic Acid, 396, 650, 631 
Heracleum gtgantenm 111 

sphondyhum, xxx, xa2, 236, 268 

Hexring'brine, 163 
Heterozanthine, 680, 590 
Hezachloro-p-dikcto-K-hezene, 314 
Hezachlorodimcthyl Tetroxan 203 
— Triozan, 205 
Hezachloro>R-pentenes, 303 
Hezachloropropylrne, 293 
Hezacontane, 76, 122 


Hezadecane, 76 
Hezadecyl Mcthy Ketone, 263 
Hezadecylene, 268 
Hezadeoylic Acid, 262 
Heza-di-ine*diol, 3x6 
Hexaethyl Melamine 475 
Hezaethylidene Tetraminc, 212 
Hezaho^dric Alcohols, 622 
tteabydropyrasine, 336 
Hezahydxoxy-Aldebydes and -Ketone 625 
HexaketonesjSar 
Hexamethyl Ethane, 75* 77 
Hezamethyl Melamine, 474 
Hezamethylene Chloride, 323 

Diamine, 334 

Diethyl Urethane. $34 

— Glycol, 315 

— Imines. 339 

— Ketone isoximev 993 


Hezamethylene Tetracarboxylic Esters, 613, 6x4 

Tetramine.^ 198, 2x0, 2x1 

— — Triperozydiamin^ 224 
Hexane, 75»*70i 77 . 

Dekecarboxylic Ester, 636 

Hexacarboxylic Ester, 636 

Hezane-diol, 3x0 * 

llexane-triol, 328 
Hezaozymethylene Diamine 204 
Hezenyl Amidoxime. 283 
Hexenone, Trimetbyl cyclo-, 221 
Hezenic Acids, 299, 393 
Hoxethyl, Disilicon, 181 
Hexlnic Aeid, 344 
Hezitols, 080, 639 

Space Isomerism, 641 

Hezonic Acids, 64 x 
Hexoic Acid, 261 

Esters, 268 

Hezose Amines, 624, 080 

Carboxylic Acids, 65X 

Imines, 636 

Methyl, 635 

Hexoses, 020, 639, 672 

Synthetic and Degradation Reactions of 

the, 630 

Hexoxybenzene, Potassium, 247 
Hexyl Alcohol, 122 

Mustard Oil, 470 

Hexylene Dioxide, 597 

Glycol, 315 

Oxide, 318 

Hippophai rhamnoides, 33 x 
Hippuric Acid, 383, 386, 388, 581, 666 

Ester, Deii\atives, 540. 543 

_ Formyl, 540 

Hippuryl Aspartic Acid and Compounds, 342, 666 

Azide, 392 

Histidine Propionic Acid, 547 
Hoffmann's Anodyne Spiritus Acthereus, C28 
Hofmann Rearrangement, x6o « 
Homoaspartic Acid, 336 
lloraocholine, 329 

Homoconiinic Acid, and Derivatives. 004, 396 
Homolnvilinic Acid, 423 
llomomesaconic Acid, 521 
Homopyroracemic Acids, 408 
Homopynivyl Pyruvic Acid, 399 
Homoterpenylic Acid, 338 


Horn, 390, 340. 34 X 
Hydantolc Acid, 448 , 455 
Hydantoins, 448 , 443, 436, 457, 573 
Hydracetamide, 212 , 

Hydracetyl Acetone. 221, 229, 848 

Ketones, 342 

Hydracrylic Acid, 314, 3x7, 369 
Substituted, 370 


Aldehyde, 338 

Hydramines, 328 

Hydraziacetic Acid, 403 1 

Hydrazicmrbozylic Ester, 447 
Hydrazides, Acid, 278 

of the Hydroxy-acids, 378 

Hydrazidine, 234, 884 
Hydrazine, 169, 2x2, 378, 405, 458 

Carboxylic Acids, 439, 440 

Derivatives, 259, 378. 446, 454 

Hydrazino-fatty Acids 397, 405 
Hydrazino-nitnles, 2x3 
HydrazinO’Oleflne Carbos^lic Ac ds, 399 
Hydrazipxoplonic Ethyl Ester, 410 
Hydrazodicarbonainide, 440. 439 • 
Hydrazodlcarbonainidine, 438 
Hydraiodicarbonic Ester, 447 
Hydrazodlcarbonimide. 447, 448 
Hydrazo-fatty Acids, 397 
Hydrazoformamidc, 447 
Hydrazoic Acid, 171, 405, 447. 458. 459 
Hydrazones, Aldehyde, 2x3 
Hydrazonomesoxalic Dlamide. 584 
Hydrazo-ozime, 284 
Hydrazotetrazole, 439 
Hydro6arbons. 69 
Saturatad, 69 
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HfdiDCMrbonf, Uuatanted, 79 
Hydrocellulose, 664 
Hydxocholidonic Acid, STP 
Hydrocyaaic Acid, 164. ^6, 239 , 460 
HydrocyanuriCg(icid, 474 
Hydroferrocyanic Acid, 243 
Hydrogen, Determination of, 3 
Hydrolysis, 25X1 ^77 

Hydromuconic Add, 905, 92 B 
Hydronitroprussic Acid, 343 
Hydrorubianic Acid, 486 
Hydrosorbic Acid, 199 , 305, 370, 340, 337 
Hydrosulphidcs, Alkyl, 142 
HydrouracU, 444 , 573 
Hydroxalkyl Phosphmic Acids, 196 
Hydroxamic Acids and Derivalxves, 150, 152, 160, 
X94. 334 p 499 

^ Oxime, 334, 989 

Teftracetate, Succinyl, 499 

Hydroxamides, 378 
Hydroximic Acid Chlorides, 283 
Hydrozimidocyanovaleric Acid, 542 
Hydroxyacetic Acid, 33 7 p 892 

Derivatives, 398, 543 

Hydroxyacetoacetic Acids, 543 

Carboxylic Ester, 607 

Lactones, 544 • 

Hydroxyacetone, 338, 341 
llydroxy-acid Nitriles, 207, 221, 878 
Hydroxy-acids, 860 , 362, 366, 371 • 35 ®! 385 

Alkyl Derivatives, 366, 3O7 

Anhydride formation of the a-, ^t)b 

Cyclic Double Esters of the, ^67, 385 

Esters. 368 

Guaneides of the, 435 

Halogen, 368 

Nitrogen Derivatives, 378 

Sulphur Derivatives, 376 

Ureides of, 442 

Hydroxyacrylic Acid, 998 

Derivatives, 401 

•Hydroxyadi^c Acid, 580 
iiydroxyalkylamincs, H<iloid Esters of tiie, 

HyJroxyamido-oximes, 2 84 
Hydroxyaminoglutammic Ester, 5^9 
Hydroxyaminopropionacetal, 534 
Hydroxyaminopropionic Acid, 393. 54 * 
Hydroxyaminosuccinic Acid, 605 
Vydroxyazelaic Acid, 571 
Hydroxybehcnic Acid, 376 
Hydroxybutyl Aldehyde.*, 338 
Hydroxybutyraldehyde, 196, 388 
Hydroxybutyric Acidf 296, 297, 34 8®8i 

37 X, 375 ^,. . 

r Nitnte, 379 

Hydroxybutyrolactone, 297 
Hydroxycalfelne, 583, 691 
Hydroxycaproic Acids, 299, 866, 870 , 976 
Hydroxycaprolactone, 299, 640 
Hydroxycalprylamide, 378 
Hydroxycaprylic Acid, 89 

Nitrile, 379 

Hydroxycarboxylic Acids, 362 

Saturated, 362 

Unsaturated, 367, 388, 40* 

Monohydroxy-, 193, 356, 548, 610 

— St* 

Tri-, 598, 02 X 

Tetra-, 6x9, 65a 

Penta-, 652, 655 

Poly-, 652 

Hydroxycitric Acid, 620, 828 
Hydroxyciotonic Acid, 398 ^ 1 

Hydroxy-dijncthyl-amiuoacctic Dimethyl Amide, 
403 

Hydroxyethylamine, 329 

Sulphur derivatives of, 331 

Hydroxyethyl-phthalimido-malonic Mono-ester 
Lactone, 54X 

HydioxyethylTr-methyt Ammonium Hydroxide, 

329 

Hydroxyothylene Oxides, 340 
Hydroxylatty Acid Esten, 287. 888 


Hydrosyfumaranilic Add. 563 
Hydroxyfumaric Acid and l^ter, 563# 568 
Hydroxyfuraxan Carboxylic Add and Deriva- 
tives, 564.567 

Hydroxyglutarlc Add 297, 504, CM, 259 * 560 ^ 

Lactone, 570 ^ 

Hydroxyguanidine, 458 
Hydroxyhexenic Acid, 305 887 
Hydroxybydrosorbie Add, 398 
hydroxyhydrosulphides, 208 
Hydroxyimidohydrines, 378 
Hydroxyisobutyl Imidobydrine, 378 
Hydroxyisobutyric Acids and Derivatives, 297 . 

888, 878 , 379 . 4 M ^ 

Hydrozyisocaproic Aads, 365, 370 
Hydrozyisocaprolactone, 540 
Hydrozylsoctylic Add. 37X 
Hydroxyisoheptolactone. 540 
Hydroxsrisobeptylic Acid, 370 
Hydroxyiso-octolactone, 540 
Hydipxy-di-isopropyl Acetic Acid, 366 
Hydroxy-di-n-propyl Acetic Acid, 366 
Hydroxyisoxazole carboxylic Estci and Deriva- 
tive, 569 

Hydroxyisotuednie Acids, 550 
Hydroxyisovaleric Acids and Derivatives, 260, 
298, 886, 878 . 279 

Hydroxyketone Carboxylic Adds, 543, 598, 607, 
652. 65s 

Hydroxyketones, 340, 534 . S36, 597 , 6ao 
Hydroxyl Ethyl Sulphide, 324 

Oxamide, 484 

Urea, 448 

Hydroxyketopentane, 342 
Hydroxylactones, 640 
Hydroxyleevulinic Acids, 423, 425, 548 
Hydroxylamines, Alkyl, 252 163, 171 

Nitroso-alkyl. 172 

Hydroxylaminoacetic Acid, 381 
Hydrozylamino-fatty Acid, 381 
Hydroxylaminoisobutyric Acid, 381 
Hydroxylamino'ketones, 345 
Hydroxylamino-oximes, 229 
hydroxyl auric Acid. 366 
Hydroxymaleic Add and Derivatives, 565 
Ester, 566 

Hydroxymalonic Acid Group, 549 
Hydroxy-mercury Propionic Anhydride, 289 
Hydroxymethane Disulphonic Acid, 810 , 247 
Hydroxymethylenc Disulphonic Acid. 
Hydroxymethane Disulphonic Add 

Ketones, 848 , 348, 688 

Hydroxymyristic Acid, 366 
Hydroxyoenanthylic Acid, 375 
Hydrozypalmitic Add, 366 
Hydroxy paraconic Acid, 5*5. 228 
Hydroxypcntcnic Acid, 897 , 420 
Hydroxypivalic Acid, 298, 870 

Acid, Vinyl, 398 

Ilydroxyproline, 888, 667 
Hydroxypropiollc Lactone, 488 
Hydroxypropionacotal, 888 , 347 
Hydrozypropionaldehydc, 338 
Hydroxypropionic Add, 3x4, 182 

Lactone, 488 

Hydroxy pyroracemic Add, 543 

Aldehyde, 536 

Hydroxypyrotartaric Acid, 556 
Hydroxyp3rrTolidone Carboxylic Add, 598 
Hydroxysebacic Acid, 560 
Hydrox3rstearic Add, 366. 375 
Hydroz3r8Ucclnlc Add, Methyl, 260 
Hydroxysulphine Carboxylic Acids, 377 
Hydroxy sulphonlc Add, 2x0 « 

Hydrozytetrahydiofarfurane Carboxylic Acldi 
598 

Hydrozytetilnic Acid, 420, 018 
Hydrozythioureas, Alkyl, 454 
Hydrozytrkarballylic Add, 6x0, 62a 

Derivative, 6xa 

HydroX3FundecyKc Add, 878 , 507 
Hydroxyurethane, 448 
Hydxoxyvaleric Acids, 298, 886, 878 , 54a 
Derivatives, 570. 523. 599 
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Hydiozyimlcrulactone, 540 
Hydurilic Acid, 580 
Hyocyamus, 633 

Hypocblorous Acid, Esters of, 141, 446 
* Hypogaoic Acid, 300 

Hypozanthine, 573, 586, 587, 589. 672 


ICBZ^AND Moss, 509, 6G3 
Iditols, 624, 635, 636 

Derivatives, 634 

Idonic Acid, 6x9, 635 650, 653 
Idosaccbaric Acids, ^>42, 658 
Idose, 624, 685, 650 
lUx Paraguay ensis, 590 ' 

Imidazoles, 344 

Imidazolyl Mercaptans, 344 

Imide Compounds, 136, 105, 168, 479# *87 

Chlorides, 334, *81 

Imidoallantoin, 573 
Imidoallozan, Barbituryl, 581 
Imidazolone, Amino-nietliyl, 588 
Imidocarbonic Acid, Derivatives of, 443 
Imidodicarboxylic Hydraride, 447 
Imidodiozimidocarboiiic Acid, 445 
Imidodithiocarboaic Esters, Hydroiodidcs of, 450 
Imidodithiocarboxyiic Acid, 448 
Imldoethers, 191, 234, 281 
Imidoformyl Cyanide, Chloretbyl, 485 
ImidohydriDcs. 378 
Imidomalonamide, 563 
Imidooxalic Ethers, 486 
Imidooxalomalonic Ester, 6x3 
Imidotbiodisulphazolidine ,467 
Imidothiourasole, 454 
Iminoacetoaeetic Ester, 4x9 

Nitrile, 419, 420 

Iminoacetunitrilc, 388 
Iminobarbituric Acid, 376 
Iminodiacetic Acid, 388 
Iminodilactic Acid, 409 
Iminodipropionic Acid, 389 
Iminodipropioniraide. 389 
Iminoisobarbituric Acid, 576 
Iminomalonamide, 550 
Iminosuccinamic Ester, Acetyl, 609 
Iniinosuccinic Ester, 605 
ImiTiosuccinimide, Acetyl, 609 
Imi'iotbiobarbiluric Acid, 57b 
Indium, Alkyl Derivatives of, 18S 
Indole and Derivatives, 406, OO7 Set also Pyra- 
xine Derivatives 423 
Insect Wax. 269 
Insects, Excrements of, 581 

Intramolecular Atomic Rearrangements, 36, 369, 
681 

Inulin, 63s 

Invert Sugar, 118, 620, 635, 658, 659 
Invertin, 118, 658. 877 
Iodides, 134, 178, 182 
Iodine, 5 

Starch R ’ \( lion, 663 

lodoacetal, 20 ^ 
lodoaceLi:: Aciii->, 288 
lodoacetone, 224 
lodoacetoxime, 345 
lodoacetylene, 98. 303 
lodoacrylic Acid, 205 
lodobutyric Acid, 289, 290 296, 297 
lodoethane. 136 
lodoethyl Ether, 129 
— — Trimethyl Ammonium loilidc, 33J 
lodoethylamlne, 331 
lodo&rm, 94» ***. 235. 2*8. *28 
Reaction, ixo, X15, 222 
lodoglutaric Ester, 302 
lodobydxin, 529 
lodoisopropane, 130 
lodolactic Acid, 368 
lodoleic Acid, 303 
lodomethane, 13^ 

— f^dlphooate Potassium, 134 
lodopropfolfc Acfdi 303 

MopropionaldehytWt 8^9 ▼ 


lodupropionlc Acid, 888, 889, 569, 309 
lodobochloracrylic Acid, 895 , 315 
lodosochlorochloracr^ic Acid, 395 
lodosochlofochlorofumaric AcicL 293 
lodotetronic Acid, 544 
Iris root, 263 

Iron Carbonyl, 347 * 

Isaconic Acids, 520 

Isethionic Acid, 324, 385, 337, 331 

Isoactoncitrile, 248 

Isoacetoxime Sodium Iodide, Methyl, 337 
Isoaconitic Ethyl Ester, 395 
Isoallylaminc 166 
Isoamyl, Chlorophospbines, 175 

Ditbionic Acid, 274 

Ethyl Alcohol, Isopropyl, 107 

Nitrate, 137 

Nitrous Ester, X38 • 

Zinc. 187 

Isoamylamine, 165 
Isoanwlene, 83, 86, X2i, 343 

Glycol, 313, 314 

Isoaniylidine Acetone, 229 
I-^oasparag ne, 555 
Isobrornomethacrvlic Acids, 297 
Isobutane Tricarboxylif Ester, 393 
Isobutyl, Acetaldehyde, 20Z 

Acetamide, 278 

Acetonitrile, 280 

Acrolein, 215 

Alcohol, 119 

Aldehyde, 201, 310, 320 

Butyrolactone, 375 

Carbamine-thtohc Acid, 44 « 

Carbinol, it4,.>i<), 120 

Derivatives 268 

Glycerol Du t! yiin 532 

Hydanioic Acid, 443 

Ilydantom. 443 

Mustard, oil, 470 

Nitrate, X37 • 

Succinimide, 498 

Zinc, 187 

Isobutylamine, 1G4 
Isobutyl 'lie, 75, ho, 82, 84, XI9 

Glycol Chloi hydrin, 320 

Oxide, 318 

Tricarboxylic Eslei. 502 

Isobutylidene Art lone, 229 
Isobuiylouitrile, 2ii() 

Isobutyialdoxime 213 
Isobutyramide, 277 
Isobutyric Acid, iki, 2584 2S9 

Derivatives, 208, 402, 423 

Aldol, 339 . 

Formaldehyde, 848, 421 

Isovaleric Aldol, 339 

Tsobutyroin, 342 
Isobutyrone Oxime, 227 
Isobutyryl, 343 • 

—— Chloride, 871, 315 
— — Cyanide, 409 • 

Formaldehyde. See Isobii'yiir F ‘maldr 

hyde 

Isobutyric Ester, 414, 418 

Isocaprolactone, 299, 374. 559 
Isocholcsterol , 677 
isoeboline, 329 
Isocitric Acid, 557. 611 
I.ocrotonic Acid, 292 295, £97 

Aui'ide, 298 

Isocyanate, Carboxcthyl, 445, M 
Isocyanates, X59. 242. 481, 463. t73 
Isocyanides. See Iscjiiitriles 
Isocyannpen, 459 
Isocyanoietrabromide, 459 
Isocyanoxide, 459 
Isocyanuric Aci.l, Esters of, 139 

— Imides of, 473 

Ibocystelne, 54a 

Acid, 54a 

Isocystinc. 54a 

Isodehydracetic Acid, 399, 417 ^zr, 571 
Isodexttosamine, 624, 633, 83/ 
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Ifiodlalurlc Add, 377 
ib( diazoacetic Ester, 403 
i-(dibromosucdiiic Acid, MO, 508, 605 
laf dibutylene, 83 ^ 

is< dibutyryl, 319 
I'^odicblorobutync Acid, 297 
Isr'dichlorosuccm^ Acid, 300 
Iscidaisobutyryl, 3x3 
hodlisovaleryl, 3x5 
Ibodipropionyl 315 
Uoduicitol, 619 
Isoenicic Acid, 30Z 
Isohexenic Acid, 299 
Isohexeric Acid, 539 
Isohexyleno Glyxols, 814, 315 
Isohydracetic Acid, 4x7 
Isohydrosorbic Acid, 299 
Isohydrqj^y butyric Acid, 297 
Isohydroxyurea, 448 
Isolauronolic Acid, 424 
Isoleudne, 300, 667 
Isomalic Acid, 550 
Isomelamines, 473 474 
Isomeri<im,25 

Aloergatic, 209, 514 

Dynamical, 494 

Geometrical, 32 • 

Isomuscarine, 340 
Isonitramine Acetic Acid, 307, 381 

Acetoacetic Acid, 544 

■ — Ester, 416 

Fatty Acids, 896, 403 

Isonitroso Denvalivet., 416 

Isonitriles, xs8, 192, 236, 24t>, 24 7 279 
Ibunitroethane, Bciiroyl, 131 
Isunitroform, 135 
Isonitro-paralhns, 130 
Isonitropropanc, 151 
Isonitroboacetoacctic Ester, 543 516 608 
Isonitrosoacetone, 354 

Dicarbeycyllc Ester, 56cj 

Isonitrosoacetic Acid and Estei 250, 406 608 
Isonitrosoacetyl Acetone, 53 0 
Isonitrosobarbituric Acid, 580 
Isonitrosocyanacetamido, 564 
Isonitrosocyanacctic Acid and Fstfi '>('4 

Isonitrosoryanacetohydroxaiiiir nl s»>4 

Isonitroso-tatty Acids, 153, 381, 40b lisJ 
Isonitroso-ketones, 219, 344, 34^ 354 

Aonitrosolaavulmic Arid. 647. snf' 
Isonitrosomalonic Acid, 550. 563 
Isonitroso-malonyl-urea, 50^ 
Isonilroso-methyl'isuxazoloiu', t ^ 
Isonitrosonitroacetir Aster, 40s 
Isonitroso-nitro-siiccliiic Atid Ni't ' i 8 j 
I sonitrosApropionic Acid, 410 
Iso'octenolactone. 398 
Iso-oleic Acid, 301 
I^paraconic Acid, Isopropyl. 5^7 
Isophoronec 221, E80 
Isopral, 364 
Isoprene, 91 

Isoprojfenyl Ethyl Ether, 29, p 8 
Isopropyl Acetonitrile, 280 

Alcohols, 114. 117, 527 i 529 

Barbituric Acid, 577 

Bromide, 135 

Biityrolactdnes, 375 

— — Carbinol, 119 

Ether, X29 

Ethylene, 85 

— — Oxide, 318 

Glyoxal, 348 

■ — ■ Todtde, 118. 189 , 3x3 

■ ■ - Isoamyl Ethyl Alcohol. 107 

Methyl Butyrolartonc, 375 

Caprolactone, 375 

Mustard Oil, 470 

Nitrate, 137 

Pyrolldone, 395 

Succinimide, 498 

Isopropylamine. 164 
— — Methyl Carbinol Acetate. 287 
— — Ketone, 314 


Isopropylamine, Zinc, x87 
lsopropyl-hepiane-2-one Acid, 3, 424 
Isopropylidene Acetoacetic Ester, 423 

Cyanacetic Ester, 508 

Isobutylidene Succinic Acid, 32a 

Isopurone, 382 
Isopyrotritaric Acid, 351 
Isoquinoline, 62, 69 
Isorhamnonlc Acid Lactone, 619 
Isorhamnose, 619 
Isosaccharic Arid, 837, 664 
Isosacebarine, 603, 680, 66 x 
Isoseiine, 393, 041 
Isosuberoue Oxime, 395 
Isosuccinic Acid, 259, 490 
— — Ester. Cyano-Inlldp, 613 
isothioaert anilide, 274' 

Isothiocarbimide, 466 

Isothiocyanic Acid and Esters, i<iy 466, 468 

Isothiocyanuric Esters, 471 

Isothiuram Disuli^hide, 450 

Isotrichloroglyceric Acid, 408 

Isotneihylin, 338 

Isourca, Derivatives of, 446 

Isouretin, 244, 263 

Isouiic Acid, 580 

^ovalenldehyde, 63, 201 314, 390, 522, 673 

Isovaleraldoxinie, 213 

Isovaleric Acid, 258, 260, 620 

Isovaleryl Halides, 273, 315 

Isoxatolcs, 216, 232, 344, 350, 864 

Isoxazolone Derivative^., 543, 547, ^64, 5^)7 

Noximes, 213, 394 

Itabroinopyrotartanc Acid, 600, 

Itachloropyrotartanc And 600 557 

Itacniianiiic Acid, 516 

Itaconic And"., 65, qo, 616 516 

Derivatives, 516. ^17, 518, 595, 61 x 

Itadibrom<»pyrotartaric Acid 501 3O1 
Itamalic Acid, 3^7 
Derivatives, 55« 


Jalapin, 619 
fapan Wax, 262 


KIlPIR-LACTASE, 658 
Keratin, 674 
Kerosene, 78 
Ketazines, 288, 628 
Ketencs, 270, 474, 475, 488 
Ketipic And. 349, 808 
Ketoadipic Acid, Oximes of, 570 
Keto-amines, 345 
Ketoazelaic Acid, 371 
Ketobrassidic Arid, 304 
Ketobu lyric Acid, 410 

Keto'compounds. See a/so Oxo-comrminds, 
and Ketone Compounds 
Ketocyclobutane Tricarboxylic Fstcr, O14 
Keto-cycloparadin Carboxylic EnUfs, 504 
Ketoglutaric Acids. 668, O12 
Ketohydroxystearic Acid, 302, 845 
Ketodactones, 543 
Ketols, 340 

Derivatives, 34a 

Olefine, 343 

Saturated, 340 

Ketomalonic Acid Group, 

Keto-methyl-caprolactone Carboxylic Arid, 607 
Ketone Alcohols, 228, 306. 340. h2S 

Nitrogen-containing Derivatives of the, 

344 « 

— Aldehydes. 348. 528. 537i 629 

Carboxylic Acids, 306 

Di-, 546, 607, 656 

Mono-. 436 e( seg., 8o7. 

Tri-, 598. 655 

Cyanhydrines, 379 . _ 

Decomposition of Acetoacetic Eater, 415 

of Oxalaeetic Ester, 546 

of Diacetyl Diiminoaoiplc Ester fra- 

^diiced), 635 
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Ketone Nitriles 4x8, lit 420 

Lslers and Dtrivatives, 418, 4x9, 420 

— — — — Oximes, 4x0 
- ■ Nitrogen Derivatives of, 4x8, 4x9 

Pheuyliiydrazones 228 

Semicarbazones 228 

^ Ketoneb zoo Z03 xo6, X24, 139, 192 

Acetylene 232 

Alkyl Ethers of the, 225 

— Cyclic 504 

— — Halogen substitution pioducts of the 94 
22X S 24 >26 

IXydroxymethylrne 349 

Olefine and DioltfiiiP 

Oximrb of Cyclic 394 ^ 

Nitrogen Derivati\ cb .df the, 226 

Saturated, 

Di 348 

Hexa , 647 

— Mono , 2x6 

Tetra , 597 

Tn , 5*7 

— Sulphur Derivatives of the 2 5 
Ketopentamethylene Me uul a boxylic Acid Lster 
305 

Ketopentane Tnoles 620 
Ketopimelic Acifis 570 
Kctompendinc 3^6 

Derivatives 535 

Tnmcthyl diethyl 535 

Ketopyrrohdone Dun tl yl 421 
Ketostearic Acids 30 1 304 424 
Ketosuccinic Aci Is 5! ( 

Keto tnmetbyl dibydioisoxazole Oxime 231 
Ketovalenc Acid 421 
Ketovalerolactone Carboxylic Acid 408 
Ketoximes 152 et seq i )7 227 

Derivatives 253 345 

Kjeldah s Method for detcrmiriii g Nitrogen 8 
Kl&rsel 659 
Kola Nuts 590 

1 ACTALBUUIH 670 
Lactamide 378 
f actams 36 39 896 
/oelartws to/c*ni4s 625 
Lactazams 406 416 419 567 
1 actazones 4 of 416 

lactic Acid 193 247 258 313 341 362 4 

389 408 528 f30 633 

Bacillus 363 

Derivatives 36c 371 

Fermentation 362 363 365 631 6f 

Nitrile 380 

Anhydride 367 

Fster C hlor cirbonnte of, 430 

Fthylideno 1 ster, 368 

Lactides 367 385 
Lactime 39 
Lactimidc 302 
Lactimidohydrin 378 
Lactobionic An 1 660 
Lactone Cirboxylic Acids 492 
Lactones 3x0 871 tt eq 375 
. Laetose X13 624 6 5 C31 654 660 

Cirboxylic And fbo 

Derivative 660 

Lacturamic Fster 443 
Lactyl Acetyl Lactic Acids 367 

Ureas 443 444 

Lactylolactic Acid 367 
LsBvulinamide 423 
Lavulime Acetic And 5/0 

Acids 342 397 421 4-»3 340 609 

. ■■■ V Derivative 4 i 423 548 

——Aldehyde 01 348 
— Methylal 348 

Chloride 423 

Lasvuloian Trinitrate 636 
Laevulose X13 *39 4** 6 o 633 630 634 888. 
651 639 

I anocenc Arid 677 
1 anolin 2651 ^77 
LanopalmtUe Acid 677 


Lauramide, 278 
Laurie Acid 223 261, 888 

Ester 268 

Aldehvcle 201 » 

Launnamigoxime 2Q 
Laurone J23 % 

Lauronitrile 281 

Laufus nobUts 262 ^ 

pefsea 625 

Lauryl Ketoximc 227 
Lesier centaury •, 3 
Lead Alkyl derivative of 188 
Le ilhcr 73 

Lecithin 329 530 681 666 676 
Leiocr me 663 
I cm s 610 
Ltpiifeyhc Acid 506 
Lcucic And 3b( 

Leucine 165 889 390 394 443 66> 

Cirbonic Anhydn 1 

Chi 111 le Hydiochl iide 390 

D iivativcs 392 

Glycyl Aspsrtyl 556 

I cucyl 392 

Leuco nitrolic An 1 Silts 154 
L urotunc Acid 5 o 
Lcucyl Asparagin |>s 

Leuemt 392 c 

1 ntiglyryl ( ly me 393 

Proliii 543 

Lichcnin, 662 

Lichens 596 662 

Lielermann Ni r o jc ctioii 173 

Light Action ol b 

I Ignite 79 492 

Lign sc bC4. 

f r 1 78 

f 1 iilool 125 '’32 422 

I inoleic Acid 301 

Lfnolic Acid 30 

] ipase 531 

1 iver bt irch 662 

Locui>ttree 259 ‘ 

I up ol C77 
I iippose 661 
lu** ns 390 635 
I upinus /» f tti t 77 
I V me 330 3t>7 
f \r urt btrbarum 87 
I ympl gWnds ^ j 

1 ysilbu \cid 670 • 

1 ysidine 333 

Lysine 334 39 ° 54 848 543 667 

lyxonicArii Org t 0 
Lyxosc 6x6 619 • 

Magnesium Alkyl 7 103 124 133 *144 X47f 

171 184 

Halides 185 189 193 217 310 316, 

318 329 339. 3<' •) 417 , 

r tl er l s 185 

Alkyl 184 ' 

Mignetic Rotary P w i 57 

Malcic Acid '»8 ii 33 34 ^3 86 610 , 

Ililf Aldel y I c f 402 

Hatjicl 514 

— — Ismerismcf si- 

—— — Substitute 1 516 518 

Anhydnde 510 

Anhydride Alkyl 518 519 593 

Chloric! 511 

Malem Hy liiride 511 
Malemamic Acid six 
Malelnanil 51 1 
Maleinanilic Acid, 51 x 
Maleindianilide sxx 
Malcinunide six 
Malclnmethylamic Acid 5x1 
Malic Acid 247 499 881 S^x, 365 

Deiivatives 356 

Homologues 421 5x9 356* 357 

— Acids, Amides of the 553 
Malon imide, 489 

DeriTatives 4S9 ^50 577 599 
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’^IfAlonaalUe Add Estetp Acetjl, 4x9 
Malondiamidozlme, 489 
Malondihydrozamic Acid. 4^9 
Malonlc Aldehyd^ ti?. 354, 401 * 

Acid. a49t 256, a86. 296, 444, 487 , 583 

Chlorides of, 488 

— Derivatnres, 402, '491, 549, 577 

Glycolyl, 607 

— — Acids, Halogen-substituted, 489 

Nitriles of, 489 

Carboxylic Ester, 59a 

Derivatives, 306, 490» 49 508 

350, 6x4, 615 

Ester, 254, 868, 377, 487 , 506, 566, 592, 399 

Derivatives, 394, 395. 419. 489, 495. 

543.550 , . ^ 

— — Dicyanoacetoacctic, 655 

— Methylene Compounds, 561, 613 

— Sodium, 615 

Hydrazide, 489 

Malononitrile, 489 
Malonuric Acid Dialkyl, 377 
Maloi^i Chloride, 488 

Gua'^idinc, 57^ 

Thiourea, 57 <> 

Urea, 444, 670 . 583 ^ 

Malt, ZZ3 

Germ of, 387 

Maltase, 633, 638 
Maltobionic Acid, 660 
Maltobiose, 660 
Maltonic Acid, 649 

Maltose, X13, 1x4, 625, 649, 800 , 66x, 663 
■ — Carboxylic Acid, 661 

■ ■ • Derivatives, 661 
Manna, 624, 661 
Manna-ash, 623 
Mannide, 623 
Mannitan, 623 
Mannite, 623 

Mannitol, 99, z7i«,6oT, 023 , 627, 631, 633 633,683 

Dervatives, 624 

Mannitose, 623 
Manno-amine, 624 
Mannohepitol, 624 
Mannoheptonic Add, 631 
Mannoheptose, 087 , b 5 i 
Mannolactone, 633 
Masonic Acid, 624, 048 , 649, 633 

Lactone, 632 

Mannononic Acid, 637, 062 
Mannononose, 637,652 
Manno-octilol, 625 , 

Manno-octonic Add, 637, 65 x 
Manno-octose, 625, 087 , 632 
Mannosacchftric Acid, 623, 058 
Mannosaccharolactonc, 633 
Mannose, 624, 630, 081 , 633, 03 x 

d^arboxylic Acid, 65 x 

Derivati^, 63a 

Mannosimine, 636 
Maple, 638, 

Margaric ifcid, 223, 26x, 808 

Aldehyde, 20X 

Margarine, 264 
Marsh Gas, 7x 
Mass Action, Law of^ 263 
Meat, Decay of, 334 

Extract, 456, 59a 

Melam. 473 
Melamine, 472, 478 
Melamp]rrin, 624 . < 

Melanuxenic Acid, 473 
Melasse, 387, 390, 688 
Meledtose, 66r* 

Melem, 473 
Mellbiooe, 658. 661 
Meiissic Add, 261. 2 u 3 
Melissyl Alcohol, xaa 
Melitose, 66 x 
Melltrlose, 661 
Melting-point, 4^ 

Menthone, $ 71 . 404 i 493 . 303 
Oxime, 396 


Mercapto-aminopyiimidine, Ethyl, 374 
Mercaptal Carboxylic Adds, 376 
Mercaptals, X 43 , 200, 808 , 617 

and their Sulphones. 209 

■ Dextrose, 634 

Ethylene, 324 

Rhamnose Ethyl, 619 

Mercaptan Carboxylic Acids, 376 
Merc^tans, 83, 248 , 146, 884 , 435 

Glycerol, 330 

Tellurium, 

Mercaptides, 142 , 141^83 
Mercaptol Carboxyli?>dds, 376 
Merc»>tol9, X 43 , 309, 220, 888, 229 

Ethylene, 324 

Mcrcapto-mercaptols, 229 
Mercapto-oxypyrimidine, Methyl, 374 
Mercarbide, xxo, 481 

Acetone, 333 

Mereuriatis anua, 164 

perennis, 164 

Mercuric Cyanide, 242 

Hydroxide, Ethyl, rSt 

Mercury Acetamide, 276 
— — Alkyls, 187, 188 

Iodides, 188 

Allyl Iodide, x88 

Dicthylene Oxide, 320 

Dipropionic Add, 289 

Ethanol Iodide, 320 

Formamide, 239 

Fulminate, 151, 848 

Mcrcaptide, 143 

Nitrate, Methyl, 188 

Nitroacetic Ester, 380 

Prophylene Glycol Iodide, 333 

Merotropy, 38 

Mesachloropyrotartaiic Acid, 300 
Mesaconauilidc Add Chloride, 516 
Mesaconic Acid, 407. 420, 5x5, 616 

-■ Homologues of, 408, 516, 3x9 

Mcsaconyl Chloride, 5x7 
Mesadibromupyrotartanc Add, 50 X 
Mesltalcohol, 230 
Mesitene Lactam, 399 

Lactone, 898 , 571 

Mesitonic Acid, 398, 483 , 339 

Derivative, 424 

Mesityl Nitrimine, 23 x 

Oxide, 91, 22Z, 225, 228, 888 , 298, 342, 348, 

423. 534^ . 

Derivatives, 231, 342, 348 

Mesitylenc, 89, 221 
Mesitylic Acid, 494, 498, 668 
Mesodibromopyroracemic Acid, 297 
Mesodinitroparaffins, 164 , 226 
Mesoporphyrin, 675 

Mesotartanc Acid, 28, 32, 34, 5x1, 600, 603, 804 
Mesotartaronitrile, Diacetyl, 60s 
Mesoxalic Dialdehyde, 537 

Add, 444, 328, 489. 608 , 572 

Derivatives of, 563, 564 

Mesoxalyl Urea, 378 

Metacarbonlc Acid, Esters of, 427 

Metacrolein, 213 

Metaformaldehyde, 199 

Metaformic Add, 235 

Metaldehyde, 199, £00 

Metallo-Organic Compounds, 183 

Metamerism, 23 

Metapropyl Aldehyde, 201 

Metapyroracemic Add, 408 

Metasacchario Acid, 374 > 088 • 

Metasaccharine, 620, 63 x 

Metasaccharopentose, 605, 620 

Methacrylic Acid and Ester, 234, 887 , 303 

Anilide, 298 

Methane, 64, 66, 67. 71 , 298, 242, 258 
Dlsulphonate Phenylhydrazone, Potassium, 


^^Homologues of, 74 


Methanol Piperidine, 613 
Vrisuiphonato Potassium, 434 


2 Z 
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Methaccimc Acid, 151, S80 
Metbenyl (radical), 34, 233 
— — Amidine, 344 

— — Amidozime, tft4, 383 

— Acetic Acid, 489 

Bis-acetoacetic Ester, 6M, 6x0 

Bu-acetyl Acetone, 336 

Bis-malonic Ester, 6x3 

Carbohydrazide, 448 . 

Diaulpnonic Acid. See Metbioaic Acid 

Methlne (radical), 34, 233 

— — Tnpxopioiiic Ester, 594 

Trisulphonic Acid, 310, 247 

Methionic Acids, 810, 377, 434# 338 
Anilides, 310 

Methionyl Chloride, 3x0 
Methose, 636 

Methoxy-dunethyl-acetoacetic Ester 546 
Methozyacetonitrile, 379 
Metbozybutyronitnle, 380 
Methozycaflelne, 563, 591 
Methozycitric Acid 61 x 
Metbozycrotonic Ester, 4x8 
Methozylamine, 172 
Methozymesjtyl Ozide, 343 
Methozymeth>l'*ne Glutaoonlc Ester, ^61 
Methyl Acetic Acids, 258, 360, 261, 2O8 

Acetobutyl Alcohol, 342 

Acetyl Thiocarbamate, 449 

— — Urea, 442 

~ Alcohol, 99, 100 

Aldehyde, X97 

Allan tolns, 670, 583 

— — Allozan, 579 

Ammonium Compounds, 164 

Arsenic Compounds, X76, 177 

Asparagine, 556 

Asoic Acid. 171 

Biuret, 446 

Borate, 14X 

Bromide, X35 

Butene Lactone, 398 

Butyl Tetrazone, \yi 

Caproiactams, 396 

Carbamic Ethyl Ester, 436 

Carbamyl Chloride, 438 

Carbimide, 463 

Carbinols, xx8, 1x9, X20, X2i 37Z 

Carbonic Ester, 428 

Carbotholic Acid, 274 

Chloride 181 x6x 

Chloroform, 95, 884 

Chloro Ketones, 341, 350 

Crotonic Acid, 296 

Cyanamide, 472 

Cyanide, 280 

Cyanunc Acid, 464 

Cyclohexanone, 375 

Oxime, 396 

— Cyclopentanone Carboxylic Ester, 303 
Diecane Dicarboxylic Acid, 507 
■ ■— Diacetamide, 277 

Diazoimlde 171 

— Dlbarbituryl 378 
. — Dlchloramine 167 

. Diethyl Betaine 387 
— — Clyoxime 354 
— — — Hydantoln 443 

— 1. -■ Melamine 474 

— — Peroxide 45s 

- Pinacone, 224 

— — ■■ Semicarbaeide, 447 

Thetine, 377 

Difodamine, 167 

— >> Dike tones, 349 

— Disulphides. 144, ^ , 

— — Bther Glycollle Acid, 366 
Bthen, 187. 139 

_ — • Chloride, 140 

Bthyl Bthylene Ozido. 318 

Acetaldehyde, sox 

■ — - Acetonitrfle, 380 

— — Acetylene. 89 
— AerolOho, *i3 , 

Carbia Ctfmol. iZ4i >88 


Methyl Et^l Glycidle Biter, 340 

— Glycollic Acid, 365 

— — NitMe, 379 

Bthylene Glycol, 3x3 c. 

— Imine, 335 

Fluoride, 133 

Glyceric Acids, 539 

■ ■ — Glycerol Aldehyde, 534 

— Glycidic Acids, 539 

GlycocoU, 387, 456 

— — Glycocyamide, 387 

■■ — Glycocyamidinc, 456 

— Glycocyamine, 456 
Glycollic Ester, 366 

— ^ Glyozal, 848, 336, 630, 633 

— Derivatives, 348, 356 

Glyozalidine, 333 

Glyozime, 354 

Guanidine Acetic Acid, 456 

Guanidines, 455 

Heptenone, 91, 888, 422 

Glycol, 352 

Heptonic Acid, 635 

Hezyl Acetonitrile, 281 

Hydantoin, 387, 448, 456 

Hydrarine, x68,i'70 

Hydrouracils, 444 

Hydroxy hydrosorbic Ester, 398 

Hydroxyl Urea, 448 

Hydrozylajiine, »72 

— — Hypochlorite, 141 
- Iodide. 136 

■ - — — — Mercury, x88 

■ — ■■■■ lodochloride, 136 
Indole 667 .. 

Isoacetozime Sodium Iodide, 227 

Isobutyl Glyoxime, 354 

Isobutylene Amine, 2xx 

Isocitric Acid, 611 

Isocyanate, 462 

Isocyanide, 248 

Isodialunc Acid, 574 

Isopropyl Acetamide, 278 

Carbinol, 1x9 181 

Kctoxime 887, 345 

Pinacone 314 

, Isothiocyanic Ester, 470 

Isourea 446 

Isouretm 244 

Isoxazoles, 354 

Ketone. 224 475 

Derivatives, 224 226, 227 

Ketones, 223, 225, 232, 250 

Ketoximes 227 

LsBvulinaldioxime 335 < 

Mercury Nitrate, 188 

Methylene Amine, 2x1 

Morphimethin, 329 

Mustard, Oil 47® 

Nitramines, 169 

Nitrate 187 158 

Nitnc Ester, 1 37I V 

Nitroform. 284 

Nitrolic Acid, 164, 243. 244. 248 

Nltromalonic I* ster 549 

Nitrosourethanc, 437 Se» also Nltroso 

methyl Urethane 

Nitrourethane, 437 

Nitrous Ester, X38 

Nonyl Ketone, 223, 884, 261 

CEnanthone. 223 ^ 

Ortbosillcate, 141 

- — Oxalacetanil, 567 

Oxalacetic Ester, 567 

■ ■— Oxamic Acid, 483 

— Parabanlc Acid, 44^. 47i 
■ — Paracomc Acid, soB. 374. 84^ 

Pentamethylene Glycol, 313 

Pentenic Acid. 519 

— Penthlophen, 502 

Phenyl Osazones, 620 

Osotriaxole. 35b 

Pyridazolene, 484 
— — PhoBpl^c Aold, X79 
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llethji Phosphite, 141 
— — Pipendonc, 396 
— — Propane Tricarboxylic ^id, 393 
Pn>pyl Acetamide, 201, i 7 » '§ 

— — ^ Carbinolf X19, IJl 

' '■ Glyozime, 354 

Punnes, 984 

— — Pyraxoles, 343, 858 

Pyraxalone, 399, 416 

Pyndasinone, 424 

Pyndazolone, 424 

Pyrrolidines, 335 

-p — Pyrrolidones, 396 

■ Quinoline, 339 

Semlcarbaxide, 447 

Stannic Tnhalides 183 

Stannonic Acid, iSx, 183 

■ Succi^mlde, 498 

■■■ Sulphide, 143 

Sulphobromide, 145 

Sulphocarbamide, 470 

Sulphochloridi*. 147 

Sulphones, 146 

Sulphonic Acid, r46 

Anhydride, 1^7 

Calcium Salt, 247 

— — Sulphonyl lsocyanaLc«463 

Sulphoxides, 143 

Sulphuric Acid 139 

Tartrodinitnie, Acetate of, •iso 

Tartronic Acid, 409, 650 

Tellunde, X48 

Tetrahydromrfurane, 31R 

Tetramethylene Glyrol 3i«) 

Tetronic Acid. 420, 644 545 

Tetrose, 603, 619, 646 

Thialdine, 209 

Thiosemicarbazide, 434 

Triacetonamine, 230 

Trimethylene Glycol, 314 

l/iea, jl 41 574 

Uracil, 416, 674 384 

Uramils, 578 

Urea, 440 

Unc Acids, 582 

- - Xanthic f.thyl Ester, 433 

Xanthine 589 

Derivatives 391 

Methylal, 203 
MetUyiamme, 164 , aix 
Mnthylaxide, 169 171 

•Mtthylene Aininoac^tonitrile, 242, 386, 887 

Sac also Glycol oil 

Bromide 206 

— Chloride, 808 

Cyanhyflnn, 383 

— Cyanide, 489 

Diacetamide, 277 

lacetate, 207 
lamine, 21 x 

Derivatives, 277 

Diethvl Sulphone, 200 245 

Dusomtraniine, 134 

Disulphonic Acid, 468 See Mcthiomi. Aoid 

Diurethane, 436 

— Ethers, 203 
Glycol, 199 - 

— Derivatives, 204, 207 

Iodide, 80, 808 , 246 

Lactate, 367 

Malonic Esters, 608 , 613 

Mannonlc Laatone, 649 

Succinimide, 499. 5*5 

Sulphones, 209, 2x0, 245 

Thiocyanafe, 4 ^® 

Urea, 441 

Methylenitan, 636 

Methyl-heptane- 3 -ol- 2 . 5 . 6 -trione, 397 . ^ ^ 

Methylimidodithlocarbonlc Dimethyl Ester, 
430 

Methyllmldothfobiasoline, 434 

Methyl - meceapto - 3 • methyl - 6 - ozypynn^dine, 

uSLcces. 


Micrococeut acrit, 256 
Mill^ Albumin, 67s 

Casein, 67a 

Sour, 36a 

Su^ar, 660 See alto Lactose 

Mmeral Acids, Esters of, X30 

Oil, 77 

Waxes, 79 

Mixt. sulf. acida, X39 
Molasses, 388, 639 

Dry Distillation of. zio 

Molecular Volumes, 43, 46 

Weight, Detirmmation of by the 

chemical method, xo , from the vapour 
density, xx ; Victor Meyer’s method, 13 ; 
of substance# when in solution, 13 , by means 
of Osmotic Pressure^ X3 ; plasmolytic method, 
X3 ; from the lowering of the vapour pressure 
or the raising of the boiling point, 14 ;* Bcck> 
mann’s method, 13 ; from the depression of the 
frcexing point, 13 ; Beckmann’s method, 
Eykmann’b method, 17 
M >11 ict tin, 330 

Monaminothiocarboxylic Acids, 34Z 
Moniodoacetir Acid, 288 
Monoammohydrocyanunc And, 474 
Monoamino hydroxyl*carboxvlic Acids, 340 
Monobromacetal, 203, 806 
Monobromacetic Acids, 288 
Monobromacetone, 224 
Monobromethane, 133 
Monobromethyl Ether, 387 

Monobromo asym. dimethyl-succinic Acid, 336 
Monobromocyanacetic Ester, 489 
Monobromofumaiic Acid, 314 
Monobromoleic Acid, 301 
Monobromomaleie Acid, 3x4 
Monobromomalomc Acid 489 
Monobromome thane, 133 
Monobromomethyl Acetatr ->07 
Etl>er, 207 

Monochloracetal, 20X, 203 SOS 337 
Monocblorscetaldebyde, 803 3)7 
Monochloracetic Acid 887 , 320 
Monochloracetonc, 884 417 
Monochlorethane, 13') 

Monochlorether, 129 
Monochlorethyl Acetate, 207 

Alcohol, X17 

Ether, 207 

Monochlorhydnn, 332 
Monochlorodiacetln, 530 
Monochloroformic Acid, 238 
Monochlorofumanc Acid, 514 
Monochloromaleic Acid, 314 
Monochloromalonic Acid, 489 
Monochloromethane, 135 
Monochloromethyl Acetate, 207 

Ether, 206 

Propyl Ether, 206 

Monoethylin, 331 
Monofluoracetic Acid, 288 
Monofluoromethane, 134 
Monoformal Tartaric Acid, 604 
Monoformaldehyde Uric Acid. 383 
Monoformin, 237. 880 
Monohalogen Acids, 288 
Moaohatohydrm*^, S 39 
Monoiodftcetaldchyde, 203 
Monoiodosttccinic Acid, 500 
Monoiodocyanacetic Ester, 489 
Monoiodofumaric Acid, 3x4 
Monoiodometbyl Ether. 207 
Monolactonic Acid, 360 
Monomethyl Pseudounc Acid, 378 

Thiourea, 432 

Mononitroglycennes, 330 
Mononitro-oleflne, 148 
Mononitroparaffins, 148, Z5X 
Monoses, 1x3. 66x 
Monosteann, 330 
Monosulphlde, Tbiuram, 450 
Monosulphonic Acid, Dichloromethane, 247 
Ifonwtl^acetyl Acetone, 330 
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llonothlo’bis'inalonie Bster. 489 
Monothioc8rbonic Acids, 432 
Monothiocyanunc Acid, 471 
Monothioethvlene Glycol, 324 
Moringa oleiferat 26a 
Morphine, 164 

Bases. 330 

Morpholines, 330 
Morphotropy, 44 
Moss-starch, 662 
Mountain Ash, 305 

Berries, 399, 351 

Mucedin, 670 
Mucic Laclonic Acid, 654 
Mucine, 636 
Mucinogens, 672 
Mucins, 672 

Mucobromic Acid. 303, 398, 51s 408 , 535 
Mucochloric Acid, 308, 482 , 335 
Muco-hydroxy- bromic Acid, 546 
Muco-hydroxy-chlonc Acid, 546 
Mucoids, 67a 
Muconic Acid, 022, 606 
Mucor mucedo 114 
Mucous FenuiMit.iiion, 631 
Murexan, 

Murexide, 57'' 5*0 

Reaction. 580, 581 

Muscarine, 829, 340 
Muscles, Fluids of the, 3^)3 {64 
Musculin, 670 
Mushroom, 625 
Mustard, Oil of, 123 

Oil, 159, x66. 331, 460, 409 

Test, 469 

Seeds, Black, 470 

Mutarotation, 634 
Mycoderma aceti, 256. 34 1 
Mycose, 6(»i 

Myd&us Marehei Huft, 143 
Myosin, 670 

Myiicyl Alcohol, 122 , 2('2 

Halides, 135, 136 

Ketoxime, 227 

Palmitate, 269 

.\fyristamide 278 

Myrlstic Acid, 223, 261. 212, 677 291 

Ester, 268 

Aldehyde, 201 

Myruticasufinamen^'^, 53 * 

Myristin, aba, osi 

Aldoxime, 2x3 

Myristinidoxime, 283 
Mynstone, 223 
Myristonilrile, 281 
Myristyl Nitrab', 137 
Myronate, Potassium, 470 


Naphtha, 77 

Naphthalenr* Sulphoalanine, 3C8 

Sulphofilyrine, 388 

Naphthenes, 78 
Naringene. 6xq 
Neftlgil, 7 ) 

NcroU Oil, 110 
Nerve Tissue, 530 
Nettles, Stinging, 238 
Neuridine, 334 
Neurin^ 166, 389. 3i<' 

Nickel Carbonyl, 21/ 

Nitramines, 169, 192 
Itttrate. Acetyl, 271 

Ethylene, 323 



Nitric Acid. Esters of, 137 
Nitrile Bases, X36, 165 
Nitriles. x67. axa, 217, 240. 242 

Acid, 240, 278, 374 

Nitrlloacetonitrile, 388 
Nitfolomesltyl Dioxime Peroxid,- 331 
Hitrilo-oxallc Esters, 484 
NitrUotriaoetic Acid, 388 
Nitrlmine, Mesityl, 331 


Nitrite, Acetyl, 271 
Nitroacetaldehyde Hydrasone, 150 
Nitroacetamidc, 38<|» 

Nitroacetic Ester, 380 
Nitroacetone, 344 * 

Anil, 344 

Nitroacetomtrile, 249, 880 • 

Nitroalcohols, 151, 888, 344 
Nitroaldehydes, 339 
Nitroalkyl Isonitramines, 1 S4 
Nitroazoparaffins, 150 
Nitrobarbituric Acid, 377 
Nitrobenxaldebyde, 63 
Nitrobensene, 63, 148, 158 
Nitrobenzoates, 401 
Nilrobiuret, 445 
Nitrobromacetamide, 380 
Nitrobromalcohols, 339 « 

Nitrobromoiorm, 152 
Nitrobromomalonic Acid, 563 
Nitrobutanes, 131 
Nitrobutyl Glycciol'=;, 131, 897 
Nitrobutyric £stei, 3^0 
Nitrocarbamic Acid, 437 
Nitrocelluloses, 530. 604 
Nitrochloroform, 132, 480 
Nitrocyanacetamide, 4so 
Nitrodibromacetic Acid, 380 
Nitrodibromacetonitrile, 380 
Nitrodibromomacetamido, 380 
Nitrodimethyl Acrylic Acid, 399, 380 

Itomeric Ester, 380, 399 

Nitroerythritol, 596 
Nitroetbaiie, 151 
Nitroetbyl Alcohol, xi7, 888 

Urea, 441 • " 

Nitroethylisoiiilramine, 154 
Nitro-fatty Acids, 880 , 549 
Nitroform, 88, 160 , 235, 2 47 i 429 
Methyl, 284 

Nitrogen, detemimation of, 6 ; pumas’ method 
6 ; Kjeldahl’s method, 8 ; Will and VarxVsn 
trap’s method, 7 

Carbonyl, 447 

Stercorhcmistry of, 36 

Tricc-rboxylic Di-cstcr Nitrile, 445 

Tricarboxylic Ester, 445 

Nitrogylcerine, 264, 680 
Nitroglycide, 533 

Nitroglycollic Acid, 368 * 

Nitroglycollyl Glycollic Acid, 368 
Nitroguanidine, 458 
Nitrobydantoin, 442 
Nitrohydrazones, 150 * 

Nitrohydroxylaininic Acids, 194, 283 
Nitroisobutyl Glycrd, 533 • 

Nitroisobutylenc, 151 
Nitrolsobutyric Acid, 380 
Nitroisohexylene, 151 ^ 

Nitroisopropyl Acetone, 23X 

Alcohol, 328 * 

Nitroisovaleric Acid, 260, 380 
Nitroisoxazole, 535 
Nitroketones, 344 
Nitrolacetic Ester, 486 
Nitrolactic Acid, 368 
Nitrolamines, 34s 

NitroUc Acid. 150, 152. 163.' 884, 283 

Derivatives, 154, 249, 409 

Nitrolomalonic Acid, 489 

Ester, 380. 549 

Nitrolomalonimidoxime, 489 ^ 

Nitrolosuccinic Dimethyl Ester, 607 
Nitromalic Ester. 553 
Nitroraalonamide, 380. 840 
Nitromalonic Aldehyde and Derivatives, 535 

Dixnetbvlamide, 549 

Nitromalonyl Urea, 577 
Nitromannitol, 623 
Nitromethane, 181, 339, 429. 5X7 

Disulphouic Add, 247 

2-Nitro-2-Methyl Butane, 151 
Nitro-methyl-hydantoln, 443 
Nitro-uradl, 374 
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Nltio-methyl-lsoxaxolone, 543 
Nitronic Acids, 150 
Nitr^trosobutane, 153 ^ 

NitfQbltrosoparaffins, Meso-, 153 
Nitronitrosopropihe, 153 
Nitip-octane, 151 
Nitro-octylene, 251 
Nitro-olenae Carboxylic Acids, 399 
Nitro-oleflnes, 248, lAl, 292. 328 
Nitroparaffins, 148 , 250, 158, 171, >92, 210 
Nitx;Qphthallic Acid, 220 
Nitropropanol, 328 
Nitiippropionic Acid, 380 
Nitfbpropyl Alcohol, 328 
Nitropropylene, xsx 
Nitibprusside, Sodium, 243 
Nitropyrimidine, Derivatives, 584 
Nitrosamvies, 263, 168 
Nitrosates, Alkylenc, 84 , 848 
Nitrosites, Alkylene, 84, 346 
Nitroso-alkyl Hydroxylainines, 172 
Nitrosocarbamic Methyl Estei, 437 
Nitrosochlorethane, 283 
Nitrosochlorides, Alkylene, 345 
Nitrosodichloroethane, 283 
Nitroso-dicthyl-urea, 442 
Nitrosodxethyline, 268 * 

Nitroso-dimethyl-aniline, 239. 337 
Nitrosodimethylene, 168 
Nitroso-dimethyl'pyrrole, 337 
Nitroso-ethyl-bydroxylamine, 272 
NitrosO'fatty Acids, 382 
Nitroso^anidine, 438 
Nitrosoisobutyric Acid, Nitrile of, 381 
Nitrosoisopropyl Acetone, 231 
Nitrosolic Acids, 234, 884 
Nitroso-methyl-hydrozylamine, x 73 
Nitrosonitronic Acids, 152 
Nitroso-octane, 233 
Nilrosoparaffins, 232 
Nitrosoparaldipiine, 222 
Nltrosopropyl Acetone, 231 
Nitroso-tert.'butane, isj 
NitrQso-tert.'pentane 133 
Nitrosoureas, 442 
Nitrosourethane, 223, 487 
Nitrosoximes, 284 
Nitrosuccinaldehyde, 347 
Nitrotartaric Acid, 604 
Nifrosyl Chloride, 238, 163 
Nitro-tert. -butyl Glycerine, 198, 527 
Nitrotetronic Acid, 344 
Nitrotriiodoethylene, isx 
Nitrouracyl, and Derivnives, 58s 
Nitrourea, 442 
NitrourethJne, 2x3, 487 
Nitrourethane Acetic Ester, 396 
Nitrous Acid, Esters of, 137 
No^ne, 74 

Dicarboxylic Acid, 375. 5 o 7 

Non-drying Oils, 302 ; Olive Oil, 302 ; Rape 
seed Oil, 302 
Nonitols,^37 
Non-naphthene, 79 
Nonohydric Alcohols, 623 
Nonoic Acid, 261 , 301 
— — Ester, 268 
Nonoscs, 637 * 

Nonyl Aldehyde, 293, 300 

Ketoxime, 227 

Propiolic Acid, 304 

Nonylamme, x 68 s 
Nonylenic Acid, i 97 i 292, 880 
Norcaradiene Carboxylic Esters, 404 
Norisosacchafib Acid, 655 
Nuclelnlc Acids, 373 < 5^7, 672 
Nucleo-albumins, 672 


OcTACKTTft Maltose, 661 
Octadecane, 76 
Oetahydrlc Alcohols, 625 


Octane, 77 

Tesserakaidckacarboxylic Ester. 636 

Octanolactaxn, 396 
Octitols, 637 
Octoacetyl Lactone, 660 
Octobroznacetyl Acetone, 332 
Octocbloracetyl Acetone, 332 
Octodecylic Acid. 262 
Octohydroxy-Aldehydcs and -Ketones, 623 
Octoic Acid, 262 

Ester, 268 

Octoniethylene Diamine, 333 

Glycol, 323 

Octyl Alcohol, 180 , 302 

Glycerol Diethylin. 330 

— — Mustard Oil, 470 

Nitrate, 237 

CEnanthaldoxime, 2x3 
<£nanthamidc, 278 
CBnanthol, 801 , 292, 302 
— *— Hydrocyanide, 37 v 
CTnanthone, 223 
Ofnanthyl Aldehyde, 20I 

Nitrile, 280 

OSnanthylic Acid, 262 
GEnanthylidene, 89, 90 
Oil, Mineral, 77 

of Garlic, 123 

of the Dutch Chemists, 322 

Rock, 77 

Oils, Drying, 302 

Fats, 264, 527. 530 

Non>^ryiDg, 302 

Technical application of the, 264 

Olseoinargaric Acid, 302 
Olefine Acetylenes, 91 

Alcohols, 188 , 224, 221 

Aldehydes, 193, 814 , 305. 346 

Amionketones, 345 

Chlorhydrins, 84 

Dicarboxylic Acids, 507 

Glycol, Diaectate, 342 

Glycols, 325, 340 

Ketols, 343 

Ketones, 228 

Monocarbozylic Acids, 880 , 300 

Ozomdes, 84 . , 

Pcntacarbozylic Acids, 62a 

Polymerisation of, 84 

Terpencs, 225, 422 

Tctracarboxylic Acids, 6x5 

Tricarboxylic Acids, 394 

Olefines, 70 . x86, 322 

Oleic Acids, 224, 293, 290 , iqz, 800 , 301, 306 

Alcohol, 224 

Olem, 531 

Olive Oil, 262, 264, 300, 302, 526, 332 
Optical Properties, 32 ; colour ; fluorescence ; 
refraction, 51 ; dielectric constant, 53 

Resolution of Racemic Acid, 602 

Rotary Power, 34 

Orchids, 632 
Orcinol, 423 

— — Tricarboxylic Ester, 569 

Omithin, 340, 642 , 667 

Omithuiic Acid, 648 , 667 

Orscllinato of Erythxitol, 596 

Orthoacetic Derivatives, 884 , 413 

Orthoacetone Ethers, 223 

Orthoaldehydes, 289, 204 

Orthocarbunic Acid, Nitro-derivatives of, 429 

■ — and Esters, 426, 428 

- — Sulphur derivatives of, 434 

Orthoformic Acid and Esters, i 4 ii 192* 286 , 244, 




Ortboketones, 289 

Alkyl Ethers of, 225 

Ortholactic Acid, Chloride of. 364 

Orthonitric Acid, Diacetyl, 271 

Ortho-oxaUc Acid and Derivatives, 482, 48s. S^s 


Orthophosphoric Acid, Esters of, 241 
Orthoproplonlc Ester, 284 
Ortltithiofbrmic Esters, 209, 433, 840 
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Orthozazone, 406 
08amines:«6x7, 628 
Osacones, 886 , 629 

Osmotic Pressure, Determination of the Molecular 
Weight of substances when in solution, 13 ; 
plasmolytic ueihod, 13 
Osotetrazones, 356 
Osones, 629 
Osotriasoncs, 356 
Ovalbumin, 671 
Ovomucoid, 672 
Oxalacetanilic Acid, 385 
Oxalacetic Acid, 560, 864 

Derivatives of, 565, 366, 307 

Ester, 866 , 655 

Derivatives, 567, 612 

Oxalacetoacetic Ester, 608 
Oxalamidine, 486 
Oxalan, 373 
Oxalantin, 580 
Oxaldehyde, 346 

Oxaihydrazone, Bis*acetoacetic Ester, 484 
Oxalhydroxyacetic Acid, 006 
Oxalic Acid, 1 16, 230, 287. 312, 400, 401, 4 «m- 
40S, 444, 480 , 653, 659, 6S3, 664, 065 

Amidi^s of, 483 

Derivatives, 349, 439, 48-!, *>48 

Ester, no, 161, 314, 481 

—— — - Nitriles of, 484, 4S5 

— Thioamide, 486 

Ureidos of, 487 

Hydrazide, 484 

Derivatives, 380 

Oxalimide, 483 
Oxalines, 347 
Oxalts, 480 

OxalUobutyric Ester, 567 
Oxalobutyric Ester, 5O7 
Oxalocitiic Lactone Ester, 366, 394, 6;>S 
Ozalocrotonic Acid, 571 
Oxalodiacetic Acid, 608 
Ozalodiamidoxime, 48 A 
Oxalodihydrozamic Acid, 486 
Oxalodi-imide Dibydrazide, 486 
Oxalo-dimethyi'acetoacetic Esters, (109 
Oxalolavulinic Acid, 609 
Oxalomalonic Ester, 612 
Oxalonitrile, 485 
Oxalopropionic Ester, 367 
Oxalosuccinic Ester, 6x2 
Oxaluramide, 375 
OxaUinc Acid, 487, 675 
Oxalyl Bi'1-acetyl Acetone, 647 

Chloride, 482 

Diacelone, 597 

Diglycocoll, 4H4 

Dimalonic And, 655 

— — Dimethyl Ethyl Ketone, 597 

Guauidine, 576 

Ureas, 442, 876 

Oxamethanes, and Deiivatives, 483 
Oxamic Acid, 483 
Oxamide, 483 

Derivatives, 484 

Oxamidinc' . 283 
Ozamidoacetic Acids, 486 
Oxamine Trimclhyl Onho-ester, 483 
Oxaminic Hydrazide, 484 
Oxanilic Acid, 483 
Oxanilide Dioxime, 250 
Ozazomalonic Acid, 364 
Ozetones, aa 5 » 374 . 8** 

Oicimes, X3X, 15 *. 253- *12 22? 

, Ozimide compounds. See Isonitroso-com- 
pounds 

Oximidoaoetlc Acid, 403 
Oximidoacetone Dicarboxylic Acid, 569, 57 1 
Oximidoadipic Esters, 57 t> 

Ozlxnidobutyric Acid, 410 
Oximido-fatty Acids, 381. 4 ^ 7 . 4 10 
OzimidoglutMC Acid, 368 
Oximidottocaproic Ester, 408 
OximidoketoDatyrolactene, 344 
Oxlatdoketomt, 355 


Oximldomesoxalic Acid, 363 

nitrile Ester, 563 

Oximidomesoxalyl 8^as, 380 
Oximido^imelic Ester, 370 
Oximidopropionic Acids, 408 ,^ 10 , 355, 567 
Oziinidosuccinic Acids, and Esters, 3G7 
Oximidotetronic Acid, 344 * 

Oximidovaleric Acid, 408, 410 
Oxo'compounds. See Keto'compouuds 
Uzonic Acid, 573 > 384 
Oxonfum Oxygen, 127 

Salts, 3x0. See also Etlierates 

Oxoslearic Acid, 424 
oxy-amino-pyrimidme, 374 
Ox y celluloses, 064 
Oxychlorophosphincs, Alkyl, 175 
Oxycitraconic Acid, 60s 
Oxyfurazan Carboxylic Acid, 5G4 e 
Oxyhaimoglobins, 674 
( »xy-raethyl-uracil, 574 
O'.ymucilage, 663 
(>\yneurine, 330, 387 
Oxy purine, 580 

Amino- , 588 

Oxytetraldiiie, 216 , 339 
Oxythiazole, M' thyl, 469 
c'xytriazlne, Dix^iu n)a, 447 
Ozokerite, 79 
Ozone, 339, 340, 347 

Ozonides, 84, 91; diozonides, 90, 91, 204, 291. 

300, 436 


Pax.ii OU, 262, 264, 531 
Palmitamlde, 2 78 

Palmitic Acid, 122. 223, 261, 888, 268, 301, 531 

Aldehyde, 201 

PalmitJn, 264 
Palmitodiistearin, 530 
Palmitone, 223 ^ 

Pal mitonit rile. 281 t ^ 

Palmityl Amidozime, 283 

Ketoxime, 227 

Pancreas, 389, 39), 589, Gig, 660 

Diastase, 638, 671 

Pancreati.? Dccompositjun, 542, 619 
edule, 239 
Paper, 657, 664 

Papyotin, 677 , 

Paiabanic Acids, 442, 446, 487, 574, 878 
Parabromacetaldchyde, 200 
Paracasein, 672 

Parachloralosc, 634 , ^ 

Paracoi lie Acids, 197, 299, 375 i 492 i 5^7, 867 , 
358. 361 

Para^anogen, 486 
Paraffin, Solid, 79 

Carboxylic Acids— 

Ui-, 476 
llcza-, 636 
Hepta-, 656 
Penta-, 62a 
Mono-, 235 
Tetra-, 613 
Tri-, 592 

Paraffins, 69, 83, 132 

Halides, 93-94 

Paraformaldehyde, 199 
Paraglyozal, Polyni ric, 346 
Paralactic Acid, 364 
Paraldehyde, i 99 i 800 , 203, 296, 534 
Paraldimine, 2x2 
Paraldol, 338 
Param. 437 
Paramuclc Acid, 65Z 
P.iramylum, 662 
Paranuclrlns, 672 
Parapropyl Aldehyde, 20Z 
Parapytoacemic Acid. 408 
Parasaccharine, 680 . 622 
Paras accharonic Arid 620 
Parasorbic Acid, 303, 309 , 604 
Paratartaric Acid, 601 
Paraxantblne, 389 
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PanzaDtUafl Sy^the 8 is, of, 500 ' 

Parsley, 6x9 

Pasimaca seUiva^ 122, 239, 268 
Paulhnia sorbtlts, 590 a 
P eas, 554 
Peat, 79 t 

Dry Distillation of, 71 

Pectin Substancea, 663 
Pectmose, 618 
Pelargonamide, 278 
Pdargoma roseum^ 261 
Pelargonic Acid, 881 , 264, 300 

Anhydride, 273 

Pelargonitnle, 281 

Pin%c%lltum glaueumt 12, 364, 390, 338, 359, 602 
Pentabromacetone, 224 
Pentacarbo^lic Acids, 622 
Pentacetyl Gluconic Acid and Dui\atives 6x7, 

634. 

PCntachloracetone, 224 
Pentachloroglutaric Acid 502 
Pentachloropyridine, 520 
Pentachloropyirolc, 497, 614 
Pentadecane, 76 
Pentadeoatoic Acid, 261 
Fentadecylamine, 165 
Pentaerytliiitol, 198, 687 

Derivative, 597 • 

Pentaetbyl Phloroglucinol, 223 
Pentaglycerol, 528 

Aldehyde, 534 

Pentaglycol, 3x4 
Pentaglycyl Glycine Ester, 392 
Pentahydric Alcohols. 615 
Pentahydroxyaldebydes, (>25, 626 
Pentabydrozycaproic Acids, 639 
Pentahydroxydextroses, 626 
Pentahydroxyhexoses, 626 
Pentahydroxyketones, 625, 626 
Pentahydroxymonoses, 626 
Pentahydroxypimellc Acid, 651 oss 

Pental, 85 • 

Mentally] Dlmethylamine, 167 
PentaiDPtbyl Acetone, 224 

Ethyl Alcohol, 122 

Phloroglucinol, 223 

Pentamethylene Chloride, 323 
'Diamine, 2x1, 3x0, 331, 315 * 3 * 305 . 502, 

— ^\^icarboxylic Acid, 507 
-8 — Dicyanide. 506 
Glycol, 816 , 305 

Imincs and Imides, 331. 335 336 395, 

502 • 

Oxide, 817 , 395 

Tetramine ,2ix 

Pentane. ^6 

Dialkyl Sulphone, 226 

Hcxacarboxylic Ester, 656 

— Tetracarboxylic Acid, 613 
fc. — Tricar^xylic Acids, 604 
Pen^ne-triols, 328 
Pcntani^omannitol, 623 
Pentap^tidcs, 39X 
Pentatriarontane, 77 
Pentene Tricarboxylic Acid, 59S 
Pentenlc Acid«, 808 , 209, 519 
Pentenoic Acid, Methyl. 538 
Penthiophen, Methyl. 302 
Pentinic Acid, 420, 644 
Pentitols, 816 , 639 
Pentosans, 662. 663 
Pentoses, 615, #19. 816 , 639, 671 
Pentosuria. 619 
Pentyl Ethylene.. H . 

Pentylene Malonic Acid, 491 

Oxide, 3*5. 317. 818 . 

Pepsin. 667. 668, 671. 677 . . , 

^ptides, Carbamic Acid Derivatives of the, 436 

of the Aspartic Series, Di- and tri . 335 

Peptone. 391. 071 
Perbromaoetone. 224 
Perbromethane. 

Perbromethyleoe 9^ 


PerchloracetaMaliyde, 288 
Perchloracetic Methyl Ester Derivatives, 488, 
430 

Perchloracetyl Acrylic Acid, 486 , 5x4 
Peichlorethane, 92, 86 
Perchloxetber, 129 
Perchloxethylene, 96, 07 , 288 
Perchloric Acids, Esters of, 141 
Pcrchlorobenxene, 66, 92, 96 
Porchlorobutadigne Carboxylic Acid, 303 
Perchlorodithlocarbonic Methyl Ester, 434 
Percbloroditbloformate Methyl, 434 
Percblofomesole, 98 

Perchloromethan^ Su Tetrachloromethane 
Perchloromethyl Ether, 127 

Mercaptan, 432, 484 

Percbloroputine Carbox3'lic Acid, 303 < 
Perchloious Acids, Ester of, 141 
Percblorovinyl Ether, X29 
Peroxalate, Potassium, 481 
Peroxide, Acetone, 224 

Crotonyl, 296 

Cyclodiacetone, 234 

Cyclotnacetone, 224 

Dibromoglyoxime, 250 

Diethyl, X30 

— Dioxime, te8 

Ethyl Hydrogen, 130 

Fumaryl, 509 

Glutarfc, 502 

Nitnlomeutyl Dioxime, 231 

Succinic, 496 

Peroxides, Acid, 273 
Aldehyde, 203 

Alky] Hydrogen and Dialkyl, 129 

Dialkyl, X29 

Glyoxiroe, 355 

Perseitol, 624, 637, 651 
Perspiration, 236, 259 
Perthiocyanic Acid, 467 468 
Petroleum, 71, 77, 78, i>2 
Petrolic Acids, 79 
Phaeophytin, 675 
Pharaoh’s Serpents, 467 
Phase Rule. 56 
Phasotropism, 38 
Phenanthraqumone 63, 333 
Phenanthrene, 62 
Phenol, X40, 347, 552, 632. 667 

Carboxylic Acids, 429 

Glucuronic Acid, 632 

Phenoxyacetal, 338 
Phenoxy-amino-butyric Acid, S4i 
Phenoxybromobutync Acid 54* 
Phenoxycapronitrile, 380 
Phenoxyethyl Malonic Acid, 34 z 
Phenyl Acetic Acid. 667 

Alanine, 667 

Asparaginanil, 5x1 

Azoethyl, 214 

Azoformaldoxime, 403 

Azoimide, 509 

Butyrolactam, 395 

Cyanate, 564 

— — Diazoimide, 169 
Glucoside, 634 

bydrazidO'Chloridc* Oxalic Enters 486 

Phenylamido-dimetbyl pyrrole. 456 
Phenylene Diamine, 349 

Pbenylhydrazone Dimethyl Lsevullnic Acid, 424 

Mesitonic Acid 424 

Pbenylbydrazones, Ketone, 228 
Phenylhydrazonomesoxalic Acid and Derlva 
lives, 564 ^ 

Pbenylimido-ozalic Methyl Ester 486 

Isouretin, 244 

Methyl I^azolone, 304. 4z6, 4x9 

Pyridazone Carboxylic Add. 607 

— — Orthopiperazone, 498 
— — Pseudouric Acid, 378 

Sucdnlmide. 498 

— - Ureldo-Adds, 3®4 

Uric Acid. 584 . 

PlMny1p3rrazolone Acetic Add, 369 
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Pbenylpyraioloiie Carboxylic Acid and Deriva- 
tivat. 567, 604 

Pbenyltriaxole Dicarboxylic Ester, 52^'- 
Phlorugluconol, Carboxylic Ester, 48S 
phurone, gt, tit, iiy 228, 220, 230, 537» 

571 

Pboroaic Acid, 571 
Phosgene, 63, 243, 256, 4x7* 428, 480 
Phosphines, 173, X74, 176 
Pbospbinic Acids, 141, 173, 174, 170 

Oxides, 173. X 74 , 175 

Pbospbonium Eases and Derivatives, 173* x74 
Phusphoacids, All^I, 173, 174, 175, 196 
Phosphoric Acid, Esters of ^tho*, 14 1 
Phosphorous Acids, X4Xt 
Phosphorprotems, 67a 
Phosphorus Bases, 173 M 
— — Determination of, 

Phototrupy, 63 
Phthalic Acid, 159 
Phibalimidoacetone, 344 
Phthalimidobromopropyl Malnnic Ester, 341 
Phthalimidobromovalenc Ami, 342 
Phtbalimido-alkyl Malunic Esters, 394, 393, 

542 

Phthalimidomalonic Ester. 550 

Cyanopiopyl, ‘jIjo 

Phthalyl Amiiiobutync Nitiile, 394 

Glycocoll Ester, 385 

Phycitol, 396 
Phyllogen, 675 
Phylloporphyrin, 675 
Physeter macrocephalus, 268 
Phytochlorine, 675 
Phytorhodin, 675 
Phytosterol, 677 
Pieburim Beaus, 262 
Picoline, 215, 528 

Dicarboxylic Acid, 409 

Picnc Acid, 429 

Pimclic Acid, 322, 403, 506, 612 

Diacetodimethyl, 610 

Ketone, 304 

Nitrile, 334 

Fimelimide, 498 

Pinacolme, 216, 223. 2x9, 224, 3x4, 379, 408 

Oxime, 165, 227 

Pinacolyl Alcohol, 85, 122 

Sulphocarbamide, 452 

Pinacone Formation, ^52 

Transformation, 81, 314 

Pinacones, 63, 216, 220, 224, 3xx, 818 
Pine-apple Oil, Artificial, 268 
Pine Needles, 236 
Pinene, 558 
Pinus Jeffrey*, 77 

lartx, 66 1 

sabiniana, 77 

Pipecoline, 331 

Piperazines, 886, 337, 391. 38a 
Piperryoniura Halides, 331, 886 
Piperic Acid, 60 x 
Piperidic Acid, 394 
Piperidine, 90, 321, 331, ISe, 502 

Derivatives, 337, 340, 396, 535, 613 

Pyperidenc Oxide, 340 
Piperidone, 396 

Carboxylic Acid, 560 

Piperidyl Urethane, 394 
Piperine, 336 
Piperylene, 90 

Pivallic Acid. See Trimelhyl Ai etic Acid 
Pivaloln, 342 

Plane Symmetrical Configuration, 33 
PlauUMucus, 663 

Plaster, 264, 265 , . ^ 

Polarization, Rotation of the Plane of Optical, 

Polyethylene Glycols, 3x3 
Polyglycerols, 532 
Polyglycollide, 2871 867, 549 
Polymerism, 25 
Polymerization, 63 
— • of Formaldehyde, 199 


Polymerization of the C]ranogen-Ozygen Com 
pounds, 460 

of the Olefines, 84 

Polymethacrylic Acid^zoy 
PolymethWene Derivatives, Cyclic, 35 

Halides, 323 • 

Polymorphism, 43 
Pelynitroparaffins, 155 • 

Polypeptides, 880, 391. 543, 671 

Esters, 403 

Polysaccharides, 113, 681 
Potassio-antimonyl Taitarte, 603 
Potassium Alkyls, 184 

— Carbon Monoxide, 247 

■ Cyanate, 461 

— — Cyanide, 242 

Ferrocyanide, 243 

Isocyanate, 242, 461 

Sclcnocyanate, 467 

Thiocyanate, 467 

Potato Spirit, Manufacture of, 113 
Powder, Smokeless, 530, 665 
Primulaeea, 625 
Procession caterpillar, 236 
Proline, 390, 540, 648, 598, 667 

Leucyl, 543 

Prolyl Alanine, 543 

Glycine Anhydridd^ 648, 673 

Propalanine, 230 

Propanal Disulphonic Acid, 348 

Propane, 74, 76 

Disulphonic Acid, 327 

Pentacarboxylic Acid, 622 f [6i 1 

— — 'I'etrararboxylic Acid and Ester, 594, 616, 
Tetrasulphoii\ 1, Tetraethyl. 347 

Tricarboxylic listers, 302. 508 

Trisulphonic Acid, 530 

Propargyl Alcohol, 125 

Ethyl Ether, 129 

Halides, 186, 137 

Propargylamine, 167 
Propargylic Acid, 308 523 

Aldehyde,' 816, 3 M 

Propenyl Alkyl Ketoin 22S, 229 
Glycollic Acid, 807 , 422 

— Trichloride, 527 
Propenylamine 166 
Propeptones, 669, 670 
Propiobetaine, Trimtthyl, 393 
Propiolic Acids and EsUi, 129, 295, 808, 

418 * 

Aldehydes, 816, 347 

Propionaldebydc {see also Propyl Aldehyde), 3x4 
Propionaldoxime, 213 
Propionacetal Malonic Aritl, 402 
Piopionamide, 77 

Propionic Acid, 268, 294. 303. 368, 4921 528 

Derivatives, 401, 402, 400 

■ ■■■■■■ ■ and Ester, Formyl, 40Z, 402 

Derivatives, ^77, 397 

— - ■ Acids, Halogen, 288, 289 

Aldol, 339 * 

Anhydride, Hydroxy-mercury, 289 

Esters, 194, 268 \ 

Peroxide, 273 

Propionitnle and Derivatives, 280 
Propionoin, 342 
Propionyl Acetic Ester, 418 

Acetoacetic Ester, 419, 548 

Acetonitrile, 419 

Azide, 278 

Carbinol, 34 x 

Cyanacetic Ester, 564 

Cyanide, 409 

Formamidc, 409 

Formic Acid, 397, 408 

Halides, 270, 271, 3x5 

Malic Ester, 553 

Propionaldioxime, 355 

Propionic Estei, 418 

Pyroraccxnic Ester, 547 

Propyl Acetoacetic Ester, 4x8 

Acetic Acid, 258, 260 

Acetylene Carboxylic Acid, 304 
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Propyl, Acrolein, 215 

Alcohols, XX4, 117, 539 

Aldehyde, 117, BOl, 3x8, 313. 

Propionaldehyde 0 
— Phenylhydrazone, 214 • 

— Aminovaterfc Acid, 304 

— Barbituric Acid, 577 

— Bromide, xft 
Butyrolactone, 375 

Carbinol, xx8 

Chloramine, 167 

— Chloramylamine, 331 
Chlonde, 134 

Chlorophosphinc, 175 

Dichloramine, 167 

Ether, 129 

Iodide, X36 

Ibocyamde, 248 

Methyl Carbinol Acetate, 367 

Butyrctactone, 375 

Methylene Amine, 2x1 

Mustard Oil, 470 

Nitramine, 169 

Nitrate, X37 

NitrolK* Acid, X54 

— Oxychlorophospiuncs, 175 

Phoiipho-acid, Diethyl Ester, X75 

Pipendone, 396 • 

Pseudonitrolc, 133 

Silicoformate, 141 

— Sulphide, Z44 

Thiourea 453 

Zinc 187 

Propylamine, 164 165 
Propylene, 82, 86 97, 117 ia4. 527 
Diamine, 33 j 

Glycols, 813 341 

— — Derivatives 320 324 533 

Halides, 888, 493 52 7 

Oxide, xz8, 232, 818 

Pseudothiourea, 4 S2 468 


Sei also 


Pscudoivea, 440, 446 

Sulphonic Acids and Deiu i n<s, 147 

letracarboxylic Ati Is, 613, 615 

Propyl Glyceric Add, ^39 
Propj lidenc Cbloridr 306, 3x9 

Diacetie Aeid, 502 

Propionic Acid, 299 

Protagon, 531 
Protalbic Acid, 670 
Pfotamines, 674 

Pioteins, 114 54 i» 542 , 554 558 6ul 

Decay of 259 33°. 39^ 4 439 

Hydrolysis of, 38J 

Nucleo-, 672 

Protocatechuic Acid, 607 
Protococct& vulgaris, 596 
Proian-dcnvativt , 459 
Prussic Acid, 239 
Psnudo-acids, 40 
Pseudoeyanogen Sulplude, 468 
Pseudodiazoacetamide, 403, 406 
Pseudo^thiobiuret, 453 
Pseudororms, 38 
Pseudofruetoso, 633 
Pseudoionone, 232 
Pseudoitaconanilic Acid, 5x3, 657 
Pscudolutidostynl, 399 

Derivatives, *4 IQ, 571 

Pseudomensin, 38 
Pseudomucin, 672 
Pseudonitroles, 150, 168, 153 
Pscudonuclein|^672 

Pseudosulphocarbamide Derivatives ot, 453 

Pseudotheobromine, 389 

PseudothioH^dantoin, 433 

Pseudourea, 446 

Pseudounc Acids, 878 590 

Ptomaines, 330, 881, 334, 667 

Ptyalm, 658 

Pulegone, 505 

Pumpkins 538, S59 

Punne, 573 

Purone, 582 


Purpuric Add, 380 
Putrescelne, 881 , 543 
Pyknometer, 46 
Pyran Dicarboxylic Acid, 609 
Pyrazines, 336, 340, 344, 328 

Denvatives, 330, 423, 543, 606 

Pyraxoles, 88, x7o, 213, 2x6, 232, 304» 344* 350, 

868 . 535. 544 . 598 

Derivatives, 343, 537, 547, 59« 

Pyrazolides, 229, 23 x 

Derivatives, 2x3, 293, 404, 509 

Pyrarolone and Derivatives, 170, 303, 304, 403, 

406, 4x6, 4x9, 523,301, 567, 607, 608, 6x* 

Methyl, 424 ^ 

Pyndazinone, Meth:)^l4 

PyridaEone Carboxy|Acid, Phenyl Methyl, 607 

Pyridine, 6a, 69, 343, 347, 522, 

648, 673 V 

Dicarboxylic Acid, 6x2 

Pyndone, 399 

Pyrimidine and Denvatives, 280, 282 4x7, 433, 

Pj^ro^azoles, 336, 344 
Pyrocatechin, 607 

Pyrocincbonic Anhydride, S07, 618, Oia 
Pyrocinchoiuniidc, 5x9 
Pyroglutamimc Acid, 559 
Pyrom leic Acid, 40a, 654 

Derivatives, 650 

Pyrone, 535, 621 

Carboxylic Ands, 561, 572, 62* 

Dimethyl, 599 

Pyroracemic Acids, 219, 247, 289, 349 383. 388, 

407, 408, 516, 519, 539, 550, 573, 803, 805, 607 
Acid Derivatives, 219, 408, 410, 547, 599, 

602, 630 

Alcohol, 341 

Aldehyde, 848, 363 

Derivatives, 334, 335 

Peroxide, 219 

Pyrotartaiic Acid, 488,499,601,3x5,316 603,607 

Derivatives, 374,495,498, 519, 520 561 

Pyrotcrcbic Acid, 290, 374, 503 
Pyrotntaric Acid 351, 408, 548 
Pyrrole and Denvatives, 318, 335 343, 347, 35>, 
352, 497, 51X, 559, 609, 654, 673 
Pyrrolidine, 90, 886, 340, 398, 497 

Carboxylic Acid, 542 

Pyrrolidones, 395, 396, 497 

Derivative, 559 

Pyrrolme and Derivatives, 333, 545 
Pyrrolylene, 90 
Pyrroraonazoles 347 
Pyruvic Acid, 407 

Pyruvyl, 599 

Nitrile, 409 

Urcide, 443 

Pynivil, 573 

Pyruvyl Compounds, 409, 599 


}UARTENYL1C ACID, 295, 887 
}uercitol, 487 
^ercitnne, 619 
}uinoline, 90 
}uinoncs 349, S^o 
^uinonoid Dyes, 579 
}uinoxalincs. .340. 020 


Racbkxc Acid and Tsters, 28 32 34, 57, 305, 400, 
40X, 50X, 51X, 601, 608, 621, 654 

Dimethyl, 408, 605 

Bodies 56 

Radicals, z8, 84 * 

Radish Oil, 470 

Raffinose, 661 

Rape-seed Oil, 30X, $02 

Rapinic Acid, 302 

Reaction, Velocity of, 266 

Rearrangements, Intramolecular, 36, 333, 401, 


446, 469, 470, 498, 831 , 834 
Reduction. Ele< ‘ 


Rehraction, 31 


Electrolytic, 63 
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ReuuBt, 67s 

Reptiles, Exmments of, ^81 
Residues, 24 
Resin, Guaiacol, 2x5 
Reversion (of sugars), 658 
Rhamnitoi, 610, ^19 
Rhamnoheutol, 624 
Rhamnohezose, 624, 610 
Rbamnonic Acid, 620 
Rhamnose, 616, 6x9 

Carboxylic Acid, 635, 646, eao €54 

Rhodanic Acid, 461, 453 
Rhodeose, 6x9 
Rhodinal, 2x3 ' 

Rhodophyllin, 675 
Rhubarb, 551 
Ribonic Acid, 620 
Ribose, 019. 650 

Ribotribydroxyglutaric Acid, 621 

Ricinelaidic Acid, 302 

Ricmoleic Acid, 301 808 309, 424 

Ricinostearohc Acid, 80 8, 547 

RocceUa Montagnev, 596 

— Hnetorta, 507 

RocceUic Acid. 507 

Rock Oil, 77 

Rongalite, 208 

Rubeanic Acid, 486 

Rue, Oil of, 224 

Rum, xx4 

■ ■ — artihcial, 238, 268 
Rutnex, 480 
Ruta graveoUns, 224 
Rye, 636 


Saccharatbs, 633, 659 

Saccharic Acids, 603, 080, 631, 633 639, 641,649, 
65a. 653, 659, 660 
Sacchanmeter, 639 
Sacchanmetry, 657 
Saccharine, 620 
Saccbarobiose, 658 
Saccharobioses X13, 067, 648 
SaccharoUrtomc Acid, 654 
Saccharomyces 1x4 

ceuvt\ta seu «»»*, 1x2 

Saccharone, 621 
baccharonic And, 620, 081 
Saccharose, 658 
Saccharum offictnarum, 638 
Salop Mucilage, 631 
Salicin, C26 
— Pc ntamcthyl, 634 
Salicylic Acid, 408, 506 
Salicylide-chloroform, 245 
Saliva, 658, 660 
Sallow Thorn, 351 

Saponification, 104 131 861 267, 277 
Sarcolatic Acid, 28b 363 304 
Sarcosine, 867, 392, 4-)6, 389 
— ■ Anhydride, 392 
Sauerkraut. 363 
Sawdust, 480 
Schiff's Bases, 383, 475 
Reagent 628 

Sekuomomycetes, X14 118, 314. ^28. 631 
Scurvy grass, 47° 

Sea buckthorn, 551 

Sebacic Acid, 299. 30 x. 302 600 

Derivatives, 334 

Secalose, 635 , . 

Secretions, Animal, 236 
Seeds of Plants. 331 
Seignette Salt, 603 
Selenetines, 377 . . 

Selenium Compounds, 1451 148 
Selenocyanate. Potassium. 467 
Selenocyanide, Ethylene 4 08 
SemlcarMside, 44X1 640 
Semicarbazones, 228, 231 
Seminine, 631 
Seminose. 631 
Semi-oxamazide. 484 


Serican, 340 

Serine, 364, 390, 540, 541, 667. 368, 674 

Phenyl Cyanate 541 

Serum-albumin, 670 % > 

^Lrum-glo^ulxn, 670 
Sesauimcrcaptol, 342 * 

ohales, Bituimoous 79, 82 

Dry Distillation of, yi, 79 

Sihcic Acids, Esters of the, 141, 181 
Silicoformic Esters, X4X 

Silicon, Alkyl and Alk'l Halide Derivatives of, 
180, x8x • 

sec. Amine Derivatives, z68 

Chloi!pform, z8z 

Silicononane, 18 1 
Silicononyl Compound^ i8x 
Mlic^ropiomc Acid, i8z 
Silk Fibroin, 392, 540, 674 

Gum (Silk Glue), 540, 674 

Sdver Cyanide, 242 

Fulminate, 230 

Smamlne, 432, 478 
Sinapln, 329 
Stnapts alba, 329 

mgra, 470 

Sincalin, 329 
Sinapohne, 440 
Skatole, 667 *' 

Smokeless Powder, 530, 663 
Soap Manufacture, 527 
Soaps, X3X, 804 

Sodium Acetoacetic Esters, 323» 335i 372. 413 
418, 486, 506, 309. 609 610 

Cyanamide. 458, 471 

Ethenyl Tricarboxylic Ester, 622 

Ethoxide, xi6 

Ethyl Sulphite, 140 

Sulphonate, 140 

rerrofulminati , 250 

Formamidc, 239 

Fulminate, 250 

Malomc Ester, 323, 372, 393 *4^6, ^90, 494, 

502, 505, 506, S07, S09, 350. 576, 6x3, 6x4 

Nitroprusside, 243 

Solubility, so 

Sorbic Acid, 299, 806, 398, 601 

Ketones, 232 

Sorbin Oil, 305, 890 
Sorbose, 630, 635, 636 

Bactenum, 341 531 597 

Sorbus ancuparta, 303 ) xj, 532 
Sorghum saccharatum 658 
Siorrel, Salt of, 480 
Sour Milk, 362 « 

Spacc-'somenern, 29, 33 639 
Specific Gravity 43 , 

Volumes, 45, 46 

Spermaceti, 122, 262 808, 506, 531 
Spirits of Wint i x i 
Sptrttus atheris nUrosv, 1 38 
Spleen, 389 ( 

Spoon wort, 470 

St. John’s bread, 662 

Stachyosp, 661 

Stachys tub f rtf era, 661 

Stannic Alkyl Compounds, 183 

SUnnomc Auds, 182, 183 

Starch, 113. 1x4 259. 480 625, .632, 649. 637 ees 

Cellulose, 661 

Gum, 663 

Stearamide, 278 

Stearic Acid, 74, 223, 261, 868, 300, 306, 531 

Aldehyde, 201 % 

Anhydride, 273 

Stearin, 264, S3X 
Steann-palmitic Leathln, 331 
Stearolactone, 375 
Stearolic Acid, 301, 804 
Stearone, 223 
Stearonitrile, 281 
Stearozylic Arid, 804 547 
Stearyl Amldoximr 283 

Ketozime. 227 

Stereochemistry of r arbon, §9 
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StcieoGbemistry of Nitrofeo, 36 
—1^ of Sulphur, 36 
— of Im, 36 • 

Stereoisomerum^sp, 32, 214 
Stibme Compouads, 179 
Strun Theory of von Baeyor, 363 
StrophanthuSf 32 9 
*'tuffer’s Law, 325, 327 
Styryl Ethylamine, 340 
Suberane, 80 r 

Subi no Aad, 322, 506 

— — Aziae, }34 

Dialdehydr, 348 

Suberone, 375, 504, 506 
Substitution, Retrogressive, 93, 280, 321 
bucclnaldthyde Diozimc, 355 
Succmamic Aad, 497 
Succinadkides, 444, 496 408 
Succmamlic Acid, 497 
Sucanethylamic Acid, 497 
Succinle Acid, 63, 8r, 1x4, 402, 408 , 316 

Acids, Higher, 493, 404, 493 518, 5x9, 5 aOi 

52a. 551.556 557 , 561, 590 

— — Halogen Sub<;titution Pioducts of 499 
Lactone, Ati formyl, 561 

Aldehydes, 91, 044 402 

Anhydride, 496 

Carboxylic Ester, 592 

Fster Denvatives, 561, 568, O05 

Peroxides, 496 

Succinimide, 335, 407 

Derivatives, 497, 499, 357 3 ) 5 i 8 

Succinodibromodiamidt 498 
Succinohydrazide, 498 

Nitnle Tetramethyl, 397 

^-ucunonitnlc, 499 
Siircinophenyl Hydrazidc 498 
buccinyi Chloride, 374, 375 406 

Denvatives, 422, 423 

Hydrozamic Acid, 499 

• MethyMtnidc 424 

— Peroxide, 496 

Sucrose, 113 XX4, 341, 594 623 649 635 *58 
Suet, 264 

Sugar Beets, 587, 393, 661 

Dry Distillation of, 218 2^2 

Inversion of Cant, 266 

of Lead, 257 

f ugars, XX2, 480 649 058 O71 
ulphamide. Alkyl ib8 
SulphaminiL Acids 168 
Sul phaminobarbi tunc Acid 378 
Sulpbanbydndes Thio (nhvdiuleo 
Sulphide Dicarboxylic Acid'» 37b 
Sulphidefbulphones, 208 
Sulphides, X43 
Sulphine, X44 

— — - Compounds, 144 , 324 323 
^Iphinic Acids, 147 , 185 3 3 
Sulphite, Sorlium Ethyl, 140 

Cellulose, 064 

Sulph^p. Set also Thio- 
Sulpbo-acetic Acid, 326 877 
Siilpho-alanint, Naphthalene, 3*^8 
Sulpho aminovalenc Acid, 394 
Sulphocarbamic Acid 449 

Denvatives 434 

Sulphocarbamide 461 , 452 
Sulphocarbimide, 466 
SulphocarboQic Acid, 432 

Dwvatives, 434 

SulphocarboKthyl Disulphide, 4)3 
Sulphocarbozylic Acids, 377 
Sulphocyoaacetic Acid 469 
Sulphocyanic Acid, 466 
Sulphocyanuric Acid, 471 
Sulphoglycine, Naphthalene, 388 
Sulphohydantoln, 453 
Sulphobydroxamic Aad, Benzene 283 
SulphO'isobutync Aad, 377 
Sulphonal, 143, 209, 888 
Sulphonotes, 140, 170 
Solphone Carboxylic Aeid, 377 
Sulphoneo, 141 , 208. 209, 225. 226. 245 123 


Sulphonlc Aadb, 140 , 323 

, Derivatives, 139, 4 34 

— " Chloride, Tnchloromethyl, 434 
Sulphonium Compounds, 144 
Sulphosuccinic Acid, 553 
Sulphotetronic Aad, 344 
Sulphothiocarbonic Acid, 433 
Sulpbourea, 451 
bulphozides, 145 
Sulphoxylates, Aldehyde, 207 

Ketone, 225 

Sulphoxyhc Aad, Z47 
Sulphur, 6 

Atom, Asymmetric. 377 

Deteimination of, 8 

Stereochemistry of, 36 

Sulphur-Ether, 127 
Sulpburanes, 324, 323 
Sulphuric Acid, Esters of, 38, 139 

Glycol, 323 

Ether-acids, 139 

Sulphurous Aad, Esters of, 140 
Synaptase, 658, 077 
Syatonms, 670, 671 


Taoatou, 630, 635, 686 
lahtol, 624 
— Denvatives, 624 
Tallow, 262, 264, 530, 331 
Talomucic Acid, 647, 654 
Talonic Acid, 635 650 
falose, 630, 086 , 63b 
fanacetogen Dicarboxylic Acid, 499 
lar, 79 82 

Oils, 83 

Tartar Lmetic, 603 

Tartane. Acid, Configuration of 646 

Acids, 25, 28, 31, 56, bi, 222, 364, 597, 

598 , 64X, 633, 659 
T artarus emsttcu^ or slibtatus 603 
1 utrazme, bob 

Tartronic Aad, 489, 528, 640 , 603 

Denvatives, 544 550 

Semi Aldehyde, 543 

Tartronyl Ureas, 444, 877 
Taurine, 335. 886, 331, 335 542. 6-6 

Bromomethyl 533 

liurobctaint, 327 
Taurotarbamic Acid, 327 
Taurocholic Acid, 880 , 676 
Tautomerism, 38 
Tea Paraguay, 590 
Tclluiium Compounds 143, 148 , 184 

Tcraconic Acid, 317 618,365 
Teracryhc Arid, 299 

Ttrebic Acid, 299, 374, 503, 5x7, 528, 668 , 6x2 

Tciephthalic Aad, 402 

Terpenes, 125, 2x5, 423, 424 

Terpentine, 558 

Tcrpenylic Acid, 299, 303, 668 

Tutracetyl Duminoputane, 647 

Ethane, 597 

letra-acetylene Dicarboxylic Acid, 523 
Tetra-alkyl Ammonium Compounds, 165 

Arsonium Compounds, 179 

Diarsme, 176 

Phosphonium Compounds, 173, X75 

Stibonium Compounds, 179 

Tetrazones, 171 

Tetrabromobutync Aldehyde, 203 
Tetrabromodiacetyl, 349 
Tetrabromoformalazme, 459 
T trabromomethanc, 429 * 

Tetrabromoxalodiacctic Ester, 60^ 
Tetracarbooimide, 384 
Tetrachloracetone, zz8, 884 

Denvative, 229 

Tctrachlorethane, 96 
letrachlorethylene, 97 
Tetracblorocafieine, 591 
Tetrachlorodiacetyl, 349 
Tetrachloxogltttacoxiic Acid, 520 
^trachloxoniethane. Sea Carbon Tetrachloride 
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Tetrachlorophcnyl Pyrrole, 498, 5x4 
Tetrachloropbespluiies, Alkyl, 175 
Tetrachlorosui cmanil, 50X 
Tetrachloroxalodiacctic Ester, CoS 
Tetradccyl Biityrolactotic, 375 

Propiolic Acid -^04 

Tetradecylic And, 2C2 
Tetrac thinyl Hexasulphide, 274 
Tetraethyl Acetone, 223 

Compoundb. See also Tetia iIKyl Com 

pound'., and also parent substan..cs 

Oxalic Ester, 482 

buci mic Acid, 495 

Tetrac. thylium Iodide, i66 /■ 
Totrafluoromethane, 95, 426, 428 
Tctrahydrocarvone, 375 396 4 -^4 
Tt trahydrolurfurane, 818 395 ^->5 
Ti trahydronaphthalene Tt tncaiboxylic Acid, 
613 

Tctraliydroplcoline, 341 
Tetrahydro pyridine A’ * h> U ^^40 
Tetrahydropyrone Dr III vjIr Fsi i Dimethyl, 
621 

Tetrahydropyrrole, go 336 , 395 
Telrahydrouiic Acid 5*'- 
Tctrahydroxyadii 1C \cids 641,652 
Tetvahydroxy aldehydes 6x6 
Tetrahydroxyiso\al« ru \ritl 619,620 
Tetrahydroxymon c irtoxylic Acids 617,619 
Tetrahydroxype rilauc CirbciTvlie Acids 620 
Tetrahydro\> V ilnic Acids, tilB 641 
TetraiodoethyUnt, 97 
Tetraiodomc thane 429 
Tetraldan. 33S 
Tctramcthyl Acetone, 223 

Compounds See also Tetra alk>l Com 

pnundc and also parent substinci s 
Dextrose, 633 

Diaminoacetic Methv^ Dst r 402 

Diiminomalonic Estc r 363 

Diketocyclobutane, 290 

— - Dimtroazoxyinc thane, 153 

Fthyt Alcohol 122 

Ethylf nc S3 86, 122 

Halides 91, 322 

— — Nitros )bromicl 322 

— — NitDsylCil n k ‘izy 

Oxide 2x6,31} 318 

rulpenic Acid 522 

Hydiazonium lodi 3e 170 

Hy Ir »xyt,lut me Acid *>60 

Mt lhanc 73 7b 

Oxalic Ester 482 

Pipcrazonum Chloride, 331, 337 

Pyrazint , 423 

Pyrrolidine, 335 

Succinanil, 49** 

Succinic Acid 495 

Nitnk 307 

Triaminoproi mt 533 

Uric Acid 583 SOI 

Tetrametbyl cydobutanc clione 475 
Tetramcthyl diamino 2 nitiupi opine, 533 
Tctramcthyl Dinitroeth me i s S 
Tctramcthyl-rj theue pentxdicne qi 
Tctramc thylem Carboxylic At ids '’O'* 307,614 

Chloride, 323 

Diamine, 331, 333 ^93 543 

Dicyanide, 505 

Glycol. 314 , 370 395 

Imines, 886, 395 

Nitiosamme, 335 

Oxioes, 316, 818 395 

Tetramethyhum Iodide, 166 
Tetranitroethane, 156 
Tetranitrome thane 15^ 

Tetramtrosaccharose, 660 
Tetrapeptides, 391, 674 
Tetrapropyl Succinir Acid, 495 
urea, 440 

Tetrasuec^mide Tn lodo-iodide. Potassium 


497 

Tetrasulphlde Acetic Acid, 377 
Tet]n|tfipie DicarboxyUc Amide, 403 




Tetrazones, Tetra-alkyl, 171 
Tetrmic Acid, 342, 420, 684 
TctioUc Acid, 291, 29^ 804 
Tctronal, ^6 


fetronic Ai 


u6 

^id, 


544 


- Derivatives, 420, 343, 398^607 
Tetrosp, 337, 697 , 616 • 

Tetroxan, Hexachlorodimetbyi 205 
rhillium Alkyl Compc iin Is, 

Thieiie, 164, 57a, 575, 57 y 580 589# «»*» 

1 heobfoma cacao, 589 1 

Thcobiomic Acid, 262 5S9 
Thcobromiue, 588, 689 ->^o ^ 

Carboxylic And 5 » 

Theophylline, 572, 589 69 o 
Thetines, 377 
fhiacctamide, 282 
Ihiacetic Acid, 271 , 274 , 530 
Thialdine, 200 , 2x2 
Thiazole, 282, 420, 453, 469 

Cyclic, 450 

Thio . See also Sulpho 
Thiuacetals and Ihcxr Snl phones, 209 
Thio acids, 271 
[ hiuacetodcetic Ester, 543 
Thioalcohols, 142 
Thioaldehydes, 34, 208,^00 
Ihioallophanic hsttr 451 
Thio ammo butyric Acid six 
Thio amino-propionic And, 542 
Thioammeline, 4 08 
Thio anhydrides, 273 
rhiobarbituric Acid 576 
Ihlobutync Acid 170 
Thiocarbamic Acid 149 

Dcnvativr 450 

Thiocirbamidcs, Ac>' 471 

Alkyl, 469 

Tluocai borne Acids 432 

Derivatives 431 434 

Thiocarbonyl Chlon .(3^ -S . 
Thiocyanacctic Acid 46 6, 468 
Thiocyanacetonc, 469 
Thiocyanic Acid, 46b 

Derivative^ - 119,151 47 * 

AnhydruV, 467 

Esters 432 468 471 

Thiocyanodiamidmc 438 
Thnu yanuric Acid 471 
Thiodiacetoacetic I ttr, 417 
Thiodialkylarnintb 107 
Thiodiazoles, 536 341 
Thiodibutync Acid, 176 , 

Thiodicthylamine, 167, S 31 
Thio liglycol, 324 , 

Thiodiglycollic Acid 376 

Anhydride, 376 

Thiotlilactylic Acid, 376 
Thio ethers X43 

Thiot thyl Carbonic Esfr r 4 ^2 , 

Thiocthyl Crotonic At id 119 
Thioforrnethylimide, 243 
Thioformie Acid, 243 
Thioglycolhde, 376 
Thioglycollic Acid 876 453 
rhiohydantom, 376, 458 
lino imido ethers, 234 282 
Thioisobutync Acid, 376 
Thioketones, 209, 220, 2 ® 6 
Thiolactic Acid and Dernalives, 408 
Tfiiolactic Acids, 376 
Thiolcarbamlc Acid, 448 i 

Ester, 449 

Thiol -carbe thyl amine, 449 
Thiomalic And 553 
Thionamic Acids, x 68 
Thion -carbonic And, 432 
Thionic Acids, 271 
Thion carbon-thiolie Acid, 431, 433 
Thionunc Acid, 578 
Thion yl Chloride, 162 168 

Dialkylamines. x68 

Diethyl Hydrazine, 170 

— — EthylamiOM, 16 a, 188 
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Thionyl Ethylene Diamine, 133 

— Isobutylamine, 264 

— Metbylamine, i(>8 
Tetralkyl Diamiiies ,468 

Tbionylamines, J62 
Thio-ozalic Acid, 486 • 

Thio-ozypurine^86, 689 
Thiophene, 6a, ^ 3x8, 347. 35*/ 496 

Derivativep. 3^8, 654 

Thiophosgene, 

Thiopropionamide. 982 
Thioptbpionfc Acid, 274 
Thiopseudouric Acids, 578, 589 
Thiop^olido'he, 396 
Thiosemicarbazide, 454 
Thiesemicarbazoues, 454 
Thiosinaminc, 452 
Thiosuccinanil, 497 
Thiosucananilic Acid, 407 



Thtotolene, 422 
Th|otriaminopyriinidine, 586 
Thiouramil, 578 
Toiourazole, 454 
Thiouxea, 42c, 439i 452i S74 

Diallyl, 440 • 

Guanyl, 458 

Malonyl, 576, 677 

Thioure thanes, 440 
Thiouric Acid, 57^ 

Thio veronal, 577 
Thioxantbincs, 382, 588 
Thiuram Sulphides, 449, 450 
Threose, 597 
Thrombin, 670 
Thujone, 423 
Thymine, 573f 674, 672 
Thymus Glands, s 73 
Tiglic Acid, 34, 282 , 298 

Aldehyde, 215 

• Poster, %98 

Tin, Alkyl Compounds 182, 1S3 

Stereochemistry of .36 

Tobacco, 77 , 55 * 

Tolane Dibalidrs, 34 
Toluene Sulphimide, 337 
Toxalbumins, 667 
Toxins, 667 

transformation, Bcn/ylic Acid, 34s 

Pinacone, 8j, 314 

Transposition. 89, 438, 467 
Trehalose, 66 j 
Tnacctamide, 277 m 
Triacetic Acids, 548 
Triacetim 530 
Triacetohydrazidc, 278 
Triacctonaminc, 2 S 0 , 535 
Triacetone Dialcohol, 534 
* Diamine, 830 , 535 

Dihydroxylamine, 231 , 535 

Anhydride, 231 

Ij^urea, 441 

— — Glucobeptitol, 625 

— — Hydroxylamine, 533 

Mannitol. 624 

Triacetonylamme Trioxime, 34 1 
Triacetyl Benzene, 343 

Borate, 271 

Trialkyl Ammonium Salts, 340 

Cyanammonium Bnimidr, 472 

Phosphine Oxide, 174 

Trialkylamii# Oxides, 172 
Triallyl Melamine, 472 
Triamidoi»henol, 224 
Triamlnoguanldine, 459 
Triaminopropane, S 33 

Triamlnopyrimidine and Derivatives, 576 , 588 
Txlamyl Silicol, i8z 
Triazan Derivatives, 459 
Trlazene, Dirarbokylic Amide, 459 

Dimethyl, 171 

Triazole, 239 
Triazolones, 404, 43 ^ 


Tribcnzoyl Methane, 40 
Tribromacetic Add, 288 
Tnbzomacrylic Acid, 293 
Tribromaldehyde, 203 
Tribromethane, 96 
Tribromethvlidene Glycol, 203 
Tribromhydrin, 529 
Tnbromobut^c Acid, 289 
Tribromolactic Acid, 369 

Nitrile, 497 

Tribromomethyl Kctol, 648 , 344 
Tribromopropane, 136 
Tribomoiiyravio Ai^d, 408 
'fribromopyroracemic Acid, 246, 408 
Tribromopyruvic Xcid. 409. See Tribromo* 
pyroracemic Add 
Tribromosucdiiic Add, 30X 
Tribromo thiotolene, 425 
Tiibutyrin, 530 

Tricarballylic Acids, 306, 608 . 594 
'Dricarbamidic Ester, 444, 446 
Tricarbimide Esters, 464 
Trichloracetal, 305 
Tnchloracctaldehyde, 201 , 203 
frichloracetjc Acid, 202, 287 
TrichJoracetoacetic Ester, 404, 421 
Tricfaloracctoacrylic Acid, 425 
Tricbloracetyl Chloride, 97, 129, 260 

Tetrachloracetone, 229 

Tricblorocrotonic Acid, 425 

rrichloracrylic Acid, 295 
Tlicblorcthane, 06 , 284, 337 
Tricblorether, 139 
Trichlorethyl Alcohol, 117 , 65a 
Trichlorethylenc, 97 
Trichlorcthylidene Glycol, 202 

Malomc Ester, 508 

Trichlorolactic Ester 368 

Urethane, 436 

Trichlorobutyl Alcohol, 118 , 651 
Tnchlorobutyraldehyclc, 203 
Tnchlorobulyric Acid, 203, 289 
Tnchlorohydracctyl Aceton ',221 
Tnchlorhydrin, 529, 53^ 

Tnchlorisopropyl Alcohol, 106, 118 , 364 
rnchlorocrotonic Acid, Trichloracrtyl, 425 
Trichlorohydroxybutyric Acid, 551 
Frichlorolactamide, 581 
Trichlorolactic Acid, 808 , 549 
Trichloromercuriacetaldehyde, 87 
Tnchlorometbyl Paraconic Ac id, 667 , 618 

Sulphonic Acid, 246, 434 

Xanthine, 592 

Trichloiophenomalic Acid 425 
Tnchloropropane, 529 
Trichloropunne, 384, 587, 58S 
Trichloropyriraidinc, 574 i *70 
Tnchloropyroraccmic Acid, 408 
Trichlorosuccinic Acid, 501 
Trichlorovalcrolactic Add, 369 

Nitrile, 379 

Trichloro vinyl Elkyl Ether, 482 
Triclloryl Isocyanuric Add, 466 
Tiicosane, 76 
Tricyanic Acid, 463 
Tricyanogen Chloride, 466 

Tricyanotrimethylene Tricarboxylic Esters, 489 

Tricyantriamide, 47a 

Tridccane, 7b 

Tridecylamide, 278 

Tridecyclic Acid, 261 

Tridocylonitrile, 282 

Triethoxyacetonitrile, 485 

Triethyl Hydroxylamine, 17* 

Iodide, 289 

Triethylamine, 265 * 

Derivative, 272 

Triethylene Glycol, 323 
Triet^lidone Uisulphone Sulphide, 209 

Tnsulphone, 209 

Tricthylin, 532 
l^iformal. Mannitol, 624 
Trifonnoxime, 223 
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Triglycyl Glvcine, 303 
TnbsUogen Acrybc Acids, 303 
Tnhalohjdnns, 529 
Tnhydrocyaounc Acid, 474 
Tnhydrozyadipic Acids, 620, 621 
#TnhydFoxybutyrle Acid, 598 
Tnhydrozydicarbozylic Acids, 6x7, 621 
TnhydroxyethylainiQe, 330 
Tnbydxoxy^lutanc Acids, 618, 619, C20, 881 
Tnhydroxyisobutyric Acid, 598 
Tnhydroxyvaleric Acids, 888, 620 
Tniminobarbitunc Acid, 576 , 

iTti lodoacetic Acid, 246, 888 
Fn lodoacetone, 246 
Tn lodoaldehyde, 246 
Triisoamylene, 85 

Triketokezanes, 537 , 

Tnketone Dlcarboxyhc Acids, 6as 
Tnketopcntane, 537 
Triketovaleric Acid, 598 
Tnmercunc Acetic Acid 481 
Tnmesic Acid, 303, 401 6x5 , 

Tnmethyl Acetic Acid 120 247 <1^8 

Derivatives 27* 2 <>8 

Acetone Dicar boxylic r 569 

— — Aoetonitnle, 280 „ 

Acetonyl Amnonium Chloride 344 

Acetyl Itamalic Anhydride, 558 

Acrylate, 383 

Benzene 89 

— — Carbimide 464 

Carbinol 119 

Carbyl iraint 164 

DietJiyl Kctopipondme 

Dihy Iropyiidinc Dicarbixylu 1 ter 212 

Dioxymethozypunne 5h3 

Ethyl Methane, 75 

rthylene, 83, 345 

Derivatives, 327, 34 S 

Hrxadiene 91 

Hviracrylic Acid 299 170 

— H^drazonium lodult 171 

Hydroxyadipic Acid, 560 

Methane 74 

Pimelic Ac ds, 506 

Propane Tricarboxylic Ac 1 1 593 

Propionic Betaine 38) 313 

P3nrazol]ne 228 -*29 23T 

Succinanil 498 

Siilphonium Compounds 143 

Tiimethylene Diamine, 333 

Triose, 334 

Uracil S73 

Uramil 578 

Valcrobetiine 394 

•— Vinyl Acetic Acid 375 

Ammonium Hy Iroxide 166 

''^nmethylamme 19 26 180 
'Trirnethvl butadiene 91 
Trimethylene, 80 

Bis phthahmidnmalonic Fstcr 606 

Carboxylic Acii^, 292 289 404, 50/, 550, 

613 614 

Cyanides, 310 sot 

Diamln'*, 335 

Dicyanosucclnic Est 656 

Dimalonic Fster 613 

Diphthalimide 332 

Disucclnic Acid, 614 

Disulphide, 324 

Disulphonic Acid 327 

Ethylene Diimme 337 

Nitrosite, 327 

Toluene Sulphimide 337 

Glycols, 3x4 

Derfvatives, 3x9. 

Halides, 94, 289, 321, 828 501. 614 

Irainc, 335 , ^ 

Immosulnhomc Acid, 533 

Mcrcaptai, Arabinose, 6x8 

Dextro<w 634 

— — Mercaptan, 324 
-"-Oxide 222, 818 

^arboxylie Acid, 34* ^ 


Tdmethylene Pheaylhydn8&ihr2i4 
bulphones, 209 

Tnagiine, 2x1 

Uwa, 44X «» 

Trimetbyloh-picolinCf 199 « 

Tnketoheptane, 337 • 

Trimynstin, 531 , 

Tnmtroacetonitrile, 155, 230, 4r5 
Tnnitrobenzene, 333 
Trinitrochlorobenaene, 162 
Tnnitixie thane, 108 , 284 
Tnnitiomethane, lU, 247 
Trmitrophenol, 429 
Trinitropropane, 336 
Triaitrosotrimethytose Triamme, STKi 
rrinitrotrimethyl ftppane, 344 ' 

Triolcfines, 91 
Tiiolcm, 300, 081 ME 
Tnonal 226 ^ 

Triose liimethyl, M4, 616 
Trioxan Hexacnloraoimethyl, 20S 
Tnoximidopropane, 337 ' 

Tnoxy methyl hydrouianl 374 
Tnoxymethylene, 106 108 3O2, 481, 636 
Tripalmitin, 531 
Tripeptides, 391 
Triphemyl Acetic Acid 3^7 
Tnpropylamine i7'» 

» Derivative 17 

Tritelenide, Cyinogc n 07 
Tnstearm, 531 
Tnstearyl Borate 271 
Tnsulphide Acetic Acid 377 
Tnsulphone Acetou ( 

Trisulphones ao8 34 > 

Tiisulphonic Acid hfim I 235 

Propanonc 

Tnthloacetaldc hyde 20 > 

Trjthioacetone, 226 

Tn thio bis malonic I t< r 4 So 

Tnthiocarbonic Aud 4 i 433 

Tnthiocarboxylic Di^ly llic ^ i i ^*,4 

Tnthiocyanuric Lstc r<» 474 

Tnthiodibutyrolactonc 376 

Tnthioformaldehydc 209 

Tnurea, Cjanuric, 465 

Tropelne, 328 

Truxillic Acid, 63 

Trypsin 667 

Trypti* Digestion, 39'* 545 
Tryptophane, 406 667 
Turanose, 66 1 

Turpentine Oil 299,41^ 5ih 518,538 
Type Theory, 272 287 • 

Tyiosme, 57, 390, 667 674 


Undkcanal, aox 

Undecane, 76 

Undecanonic Acid, 424 

Undeccnylamine, x67 

Undec olic Acid 299 304 424 

Undccylamme, 165 ^ 

Underylenic Acid 201 ^ 302 304 

Underylenol 124 

Undecylic Arid, 261 262 339 

Uracil Carboxylic Fbtti ^67 

Uracilimide, 574 

Uracils, 444 078 672 

Uramido crotonic Ester 585 

Urarail 444, 078 5S0 5^6 

Urazoles 447f 448 ^ 

Urea 25 244, 250 347 428 43*i W|f 447 
485, 542* 58X 
Ure*s Alkyl, 440 

— Arocyanide 447 

Chlondes, 430 487 

Compound 160 

Cyanacetyl 576i 590 

Cyclic AlkyU ne 440 ^ 

Hydrazine Der vatives of, 44 s 

Derivative of Diacetonamine, 230 

Guanyl, 457 

— Hydroxyl 44® 
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578. 579 

oSaSMoMzalyl, 58? a 

— — Sqbrtiur^ootiAming IV^vativc^ of 448 
Tmronyl, 577 

Urrides, 384, 441 , <43, 487, 57 i. 572 , 876 

HI HI 57.. 575 37 «. 

Urine, xzi. 335. 573. 

Urobutyl Cfaloralic Acid 203, 4 UI 9 
Urochloralic Aci|A» 202, 458 . . 

Uroti;i^in, atq 
Uroxanic Acid, 384 
U'nc Acid 408 
Irjiric Acid. 408 
U'riionl^A^d, 409 


VAlEKAnnSHYDB, 201 

Valeramide,277 
Vall&.maoffinitahs 260 
Valeruc AAd 23^ 260 

Uenvativof,, 402, 4^, 610 84* 

— — Emers, 268 

4 Valerobetalne, Tiimethyl, 394 t 

Valeroln, 342 ^ 

Valerolactam, 396 
Valerolactone, 874, 373, 539, 820 

Derivatives, 378, 422, 550 5bo 398, 607, 

6x2 

Valeronitrilc, 280 
Valcryl Chloride 271 
— — Tniot arbimidc, 471 
Valeiyhne, 89 

Vahnc, 880 667 , . „ . . 

Vapour Density, Dt termination of the MoleniUr 
Weight I r 

Pres ur% Dele Tninition nf the Molecular 

* Weight from the low'^riug of the, 14 
Vaselines, 79 
Vegetable Ivory Nut, 631 
Veronal, 491, 677 • 

Vetch Seeds, 4') 5 
Vetches, 554, 5S« 580 
Victa faba mtnor 580 

sahva, 380 

Vmaconic Acid, 55® 

Vinasse, 105 5^4 
Vinegar 236, 374 

Vm>l Acetic Aeid 29 Tj^887, 299 539 

Anilifle’ 2e)8 

Acetonitrile 297 

Acrylic Acid, 305 

Alrohol, 37» I** 

Alkyl Ketones, 228, 289 

Vii./Iamine, 166 

Cyanielf , 294 

Diarctonamine, 230 

I Ib^rs, 129 

Ethylene Mercaptan, 324 

Glutane Acid 322 

Glyrollic Acxel 397 

Halides, 93, 97 

Ily lioxypivalir Acid, 398 

— ^ Mustard Oil* 144 


Vinylamine, Snlphide, 144 

Sulphonic Acid, 147 

Tnmethyl Ammonium Hydvoxide, 329 

Vinylidene Ozanllidc, 349 
Violuric Acid, 363, 680 
Virginia Creeper, 36a 
Viscose, 664 
Vitellin, 090 
Volemitol '^25 


WAiD®M’s1[nversion,**55, 364, 389, 500 
Wanderingy-^tomic See Intramolecular Atomic 
RearraMOment 
Water of C^stallisation, 44 
Wax, ChinEw, 122 
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, Gexm < 

Whey, 660 4^ 

Whitethora4k64 
Wood, 79 

- Distillate from, 164 
Dry Dritillation of, 71 
-24- Fibre, 664 
-JP- Oil, Japanese, 302 

Spirit, 109, 222, 257 2(^7 

c Vinegar Process, 257, 374 

Wool Fat, 265 


Xamthanp Ilydndi 467 
Xanthates, 433 
Xanthic Acetic Acid, 433 
Xanthine 372 586 687 688 
— Homologous, 590 391 
Xanthochclidonic Acid, (>21 
Xanthogenamic Acid, 449 
Xanthogenamidcs 449 
Xanthogcnic Acid Ester, 432 438 
Xanthophanir And, 547 
Xxnthophyll 07<> 

X enthoprotem Reaction 669 
Xanlhnhamnme, 619 
Xanthosuccinic And 353 
Xanthoxalanil, 563 ’ 

Xeronic Acid 510, 519 

Xylainine, 6x6 

Xylitol, 6ifi 619, 621 

Xylocbloral, 619 

Xylonic Acid, 618, 6iej 620 

Xyloquinone, 349 

Xylose, 363 597, 821 663 

Carboxylic Acid, 650 

Xylosimine, 636 

Xylotnhyrlroxyglutanc An 1 620, 621 
Xylylene Bromide, 613 


Yeast, 112, 394, 5a8, 35*1 573. 83a, 637, 663 

Zinc, Alkyl Denvatives of, 188, 187, 256, 269 
Alkyl Synthesis, 72, 83, X03, ax? 

— Fulminate 250 
Zymase, xxx, 677 
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